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SUMMARY 
Extensive biochemical and molecular variation for the esterase 6 gene-enzyme system 
in Drosophila melanogaster has been documented (White et al., 1988; Cooke and Oakeshott, 
1989). In addition, the existence of a wide-spread latitudinal cline for the frequencies of the 
major EST 6-F and EST 6-S electrophoretic variants (Anderson and Oakeshott, 1984) suggests 
that natural selection acts on this rapidly evolving system. 
Physiological studies suggest that some of the EST 6 variation affects various components 
of fitness, but these earlier studies have been limited by both the range of fitness parameters 
examined and the number of lines compared. It is this limitation which the work described in 
this thesis attempts to overcome. Use is made of 42 lines of D. melanogaster isoallelic for 
their third chromosomes but differing in their electrophoretic EST 6 genotype and adult EST 
6 activity. These 42 lines were tested for several larval, pupal and adult components of fitness 
related to the developmental and tissue specificities of the EST 6 enzyme. 
Investigation into the effects of EST 6 on pre-adult fitness necessitated quantifying EST 
6 levels in larvae and pupae. This was done for a subset of 17 of the 42 lines. Substantial 
heritable variation for both larval and pupal EST 6 activity was found. Similar levels of 
heritable variation had previously been reported for EST 6 activity in adults of the same lines 
(Game and Oakeshott, 1989). However there were only weak correlations between larval, pupal 
and adult activity, so the different measures of activity appear to be under largely independent 
genetic control. 
One possible way in which EST 6 could affect pre-adult fitness is through larval nutrition 
(Danford and Beardmore, 1980; M. Dumancic, pers. comm.). Pre-adult fitness was therefore 
assessed in terms of both viability and developmental times. Pupal EST 6 activity was unrelated 
to either measure but higher levels of larval EST 6 activity were associated with improved 
viability and shorter developmental times. The Est 6F/Est 68 polymorphism also showed an 
independent effect on both fitness measures. Est 68 homozygotes had relatively long 
development times and relatively low viabilities. In particular, homozygotes for Est 69 within 
the Est 6s class showed reduced viability. 
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A considerable proportion of the EST 6 found in an adult male is localized to the anterior 
ejaculatory duct and is transferred to the female during mating (Meikle et al., 1990). Therefore 
several components of reproductive fitness were also examined in relation to EST 6 variation. 
These components included male mating time and copula duration and the subsequent egg 
productivity and fertility of the mating. 
The time males take to mate showed substantial heritable variation and, at least among 
males covering the extremes of EST 6 activity variation, but excluding males null for EST 6, 
high male EST 6 activity was associated with lengthened mating times. Paradoxically, males 
null for EST 6 also showed relatively long mating times. The Est 6F/Est 65 polymorphism did 
not affect mating times but males homozygous for the Est 6 VF class showed faster mating times. 
Within the Est 6F class, homozygous Est 65 males mated more rapidly than homozygous Est 
64 males. 
There was no difference in copula duration between males from lines differing in levels 
of adult male EST 6 activity, even when EST 6 null males were included in the analysis. Males 
homozygous for the rare Est 6 VF class did display relatively long copula durations but since 
only one Est 6VF line was available for analysis this difference could be due to differences in 
the genetic background rather than the Est 6 locus. 
In further investigations into reproductive fitness, fecundity, fertility and the rate of sperm 
release from sperm storage organs were compared in females of a standard type (Canton S) 
mated to males differing in their Est 6 genotype. Matings with males differing in their EST 6 
activity but excluding the nulls showed lower egg production from the first day post mating 
as the EST 6 activity of the male increased. This effect was most marked four to seven days 
after mating. Matings with null males tended to produce fewer eggs in the first four days and 
then more eggs after this time period. Electromorph effects were only influential seven to ten 
days after mating at 25°C, when females mated with males homozygous for Est 6VF produced 
far fewer eggs than the other classes. Also at this time, the females mated with males 
homozygous for Est 65 produced fewer eggs than females mated with Est 64 males, but there 
were no apparent differences between the Est 6F and Est 65 classes. 
Similar results to those obtained for egg production were observed for fertility, with male 
activity differences in enzyme activity, excluding the nulls, associated with lower fertility in 
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females from the first day after mating and, particularly, from four to seven days after mating. 
Females mated with null males had higher fertility at later time intervals than those mated with 
EST 6 active males. Fertility of homozygous Est 6 VF males was lower than for other classes 
after the first day post mating. 
In order to explain these findings for egg production and fertility, attention was given to 
the females' rate of sperm release following a mating. There was no difference between 
matings involving males from different lines in the number of sperm stored in the females' 
ventral receptacle one day after mating. This was consistent with the absence of an effect of 
Est 6 genotype on egg production and fertility one day after mating. However three days after 
mating the number of sperm still stored in the seminal receptacle showed strong associations 
with electromorph. Females mated to males homozygous for Est 6 VF retained fewer sperm than 
those mated to the other classes and thus had a higher rate of sperm release. Within the Est 6F 
class females mated to Est 64 males had fewer sperm than those mated to Est 65 males. There 
was however no difference in the rate of sperm loss among females mated to males 
homozygous for the Est 6F versus Est 6s classes. There was a negative relationship between 
the EST 6 activity of the male and sperm retention, corresponding to a positive relationship 
between male activity and the rate of sperm release. Interpretation of this activity effect was 
complicated by the fact that it was not independent of effects associated with electrophoretic 
differences. Nevertheless the direction of the activity effect was at least consistent with the 
proposition that some of the association of esterase 6 activity with fertility was attributable to 
primary effects on sperm use. 
In conclusion, many associations between EST 6 variation and specific fitness 
components have been demonstrated in these studies, suggesting that a substantial proportion 
of EST 6 activity and electrophoretic variation is not selectively neutral. Specifically, of the 
four structural variants for which sufficient data were collected, none were selectively 
equivalent. The electromorphs differed in pre-adult components of fitness especially. Most 
larval and adult fitness components tested were associated with EST 6 activity as well. A 
particular feature of the associations for both EST 6 electromorphs and activity is that opposing 
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modes of selection were apparent for different components of fitness. It is currently unclear 
how the opposing selective forces for the major allozyme differences relate to the broad 
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latitudinal clines. An important general conclusion to emerge from this study is that 
comparisons between individuals lacking an enzyme (nulls) and those possessing the enzyme 
will not adequately portray the fitness effects of activity variation in the enzyme. 
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Chapter 1 GENERAL INTRODUCTION 
Knowledge of the physiological and behavioural effects of structural and regulatory 
variation at the esterase 6 locus in Drosophila melanogaster may contribute to the debate on 
the evolutionary significance of allelic enzyme variation. Esterase 6 is a likely target for natural 
selection since a latitudinal cline for the frequency of the major EST 6-F and EST 6-S 
electrophoretic variants of the enzyme has been identified (Anderson and Oakeshott, 1984). 
The first part of chapter 1 overviews the literature on molecular population genetics as a 
background against which to assess the value of the work on esterase 6. The remainder of this 
chapter is concerned with the literature on the esterase 6 locus. 
1.1 THEORIES OF MOLECULAR POPULATION GENETICS 
Natural selection depends on the presence of heritable variation for traits which affect 
fitness. The study of this variation has formed an integral part of population genetics since 
the 1930's. The development and application of biochemical techniques in the mid-1960's 
revealed that a substantial proportion of proteins are polymorphic, which has led to debate on 
the relative importance of the roles of natural selection versus random processes in evolution 
at the molecular level. The "Neutralist Theory" maintained that the high levels of variation 
found for enzyme loci were due to the random accumulation and fixation of selectively neutral 
mutations over evolutionary time (Kimura and Ohta 1971a, 1971b; Kimura, 1983). The 
opposing "Selectionist Theory" proposed that most observed variation at enzyme loci was 
actively maintained by the forces of natural selection (Lewontin, 1974; Clarke, 1975). Now 
both processes are believed to contribute to the observed variation (Lewontin, 1985). 
Lewontin (1985) reclassified variation in his theory of "Major and Minor Axis 
Polymorphisms". ~iajor axis polymorphisms (synonymous with "classical" polymorphisms) 
are those in which two to three alleles are found in a population at high frequencies. Natural 
selection is thought to act on these alleles, and their protein products are distinct in their in 
vivo fu_nctions. Their frequencies are environment-dependent and thus variation in allelic 
frequency occurs between species. Alcohol dehydrogenase (Adh) in Drosophila melanogaster 
2 
provides an example of a major axis polymorphism. It has only three polymorphs (Kreitman, 
1983) and two of these at least show the same pattern of clinal variation both North and South 
of the equator and over several continents. This convergence is most readily explained by 
natural selection (Oakeshott et al., 1982; Singh et al., 1982). Furthermore, Kreitman and 
Aguade (1986) provide compelling evidence of purifying selection at the Adh locus, which 
constrains the number of nucleotide and amino acid substitutions within and among D. 
melanogaster and its sibling species, D. simulans. 
A minor axis polymoiphism is characterised by the presence of many low frequency 
alleles 'which are the result of selectively neutral or slightly deleterious mutations. These 
mutations are constantly generated and then generally lost over evolutionary periods of time. 
Thus this theory predicts that the quantity of minor axis allelic variation associated with a given 
enzyme should be comparable across many species. Human haemoglobin is an example of a 
minor axis polymorphism, with a total of 39 alleles at low frequencies (except for the HbS 
allele associated with sickle cell anaemia and malaria resistance which does reach relatively 
high frequencies in Africa; Ramshaw et al., 1979). 
Lewontin's remaining· two categories are for monomorphic loci (which includes rare 
variants) e.g. octanol dehydrogenase (Odh) in D. pseudoobscura, and loci that display both 
major and minor axis polymorphisms. Esterase 6 in D. melanogaster is an example of the latter. 
In a Coffs Harbour population of D. melanogaster it was found that two esterase 6 alleles had 
relatively high frequencies while several others were found at low frequencies (Cooke et al., 
1987). Oakeshott et al. (1981) found that the frequencies of the major axis variants varied 
clinally over 40° latitude. 
1.2 ALLOZYME VARIATION 
Historically, genetic variation has been examined using morphological and behavioural 
characters and chromosomal inversions. However the inheritance of moiphological and 
behavioural traits is often complex and usually incompletely understood (Knibb, 1982). The 
relationship of chromosomal inversions to specific genes and gene products is also usually 
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unknown (Knibb, 1982). Thus in all these characters an understanding of the actual extent of 
variation at the molecular level remains limited. 
Currently most information on variation in enzyme loci is based on the analysis of their 
protein products by methods such as electrophoresis (Coyne, 1982; Lewontin, 1985), 
isoelectric focusing (Ramshaw and Eanes, 1978; Whitney et al., 1985), protein thermostability 
(Cochrane and Richmond, 1979a) and urea denaturation (Loukas et al., 1981). 
Electrophoresis mainly detects substitutions involving charged amino acids that affect the 
mobility of a protein in an electric field. It is the principal method used to detect structural 
variation in proteins and, with the development of new techniques such as sequential 
acrylamide gel electrophoresis and high resolution cellulose acetate electrophoresis, has 
become one of the most powerful (Coyne, 1982; Cooke et al., 1987). With sequential 
acrylamide gel electrophoresis, several rounds of electrophoresis are carried out over a wide 
range of pH values, in order to maximise the chance of finding slight differences in charge 
between allelic variants that are only expressed in a narrow pH range. A range of acrylamide 
gel concentrations may also be used. High resolution cellulose acetate electrophoresis is just 
as effective as sequential acrylamide gel electrophoresis at detecting protein variation (Cooke 
et al., 1987) and has the added advantages of being faster, simpler and cheaper. 
Electrophoresis yields more information on genetic variation than the previous methods 
for three main reasons. First, electrophoretic enzyme polymorphisms are nearly always the 
result of allelic variation at single loci encoding specific enzymes; thus their biochemical and 
genetic basis is known (Richardson et al., 1986). Second, the power of recently developed 
electrophoretic procedures like sequential acrylamide gel electrophoresis is sufficient to detect 
a high proportion of mutations causing an amino acid change. Finally, large numbers of 
enzymes can be screened for conformational and/or charge differences. 
From the late 1960's extensive electrophoretic surveys have been conducted on a range 
of species from bacteria to humans (Powell, 1975; Selander, 1976; McDonald, 1983). In most 
species about 20% of structural gene loci were found to be polymorphic for electrophoretic 
variants (Nevo, 1978). 
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1.3 REGULATORY VARIATION 
In addition to the structural sequence variation among alleles, natural populations may 
also contain significant levels of regulatory variation. This is generally undetected by 
electrophoresis and similar techniques, and much less is known about the amount or nature of 
variation in regulatory sequences. However regulatory variation may well be a much more 
important source of variation for adaptive evolutionary change than structural variability 
(Britten and Davidson, 1969; Wilson, 1976). It may be defined as differential expression of 
the gene product and may arise from differential rates of transcription, mRNA processing, or 
translation. A mutation occurring virtually anywhere in a gene may exert cis-acting regulatory 
effects, although to date most have been found in the 5' promoter sequence. Known examples 
of protein encoding genes containing regulatory polymorphisms include the Adh locus in 
Drosophila (Anderson and McDonald, 1983) and the locus coding for ~-globin in humans 
(Maniatis et al., 1980). 
Another major source of regulatory variation is provided by trans-acting "regulatory 
genes", i.e. loci that influence the timing or level of expression of the products of other genes 
(Hedrick and McDonald, 1980; MacIntyre, 1982). Thus it is possible for genes in the rest of 
the genome to affect the gene of interest. This regulation does not affect the primary 
structure(s) of the polypeptide(s) produced by the gene of interest and, again, may arise via a 
variety of molecular mechanisms. McDonald and Ayala (1978) have shown that 
intrapopulational Adh regulatory gene variation in D. melanogaster is associated with 
differences among naturally occurring third chromosomes. This was done by combining the 
same naturally occurring second chromosomes, and therefore Adh structural genes, with 
various naturally occurring third chromosomes and recor~ng the subsequent Adh activities. 
Barnes and Birley (1978) have extended this finding to show the existence of regulatory 
polymorphisms affecting ADH levels on all three of the major chromosomes of this species. 
Wilson and McDonald (1981) found similar results for a-glycerophosphate dehydrogenase 
activity in D. melanogaster. Laurie-Ahlberg et al. (1982) surveyed 23 enzyme systems and 
found significant interchromosomal regulatory effects on the activity of 19 of these. 
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Evidence for the adaptive significance of this regulatory variation has arisen from several 
laboratory studies involving artificial selection. McDonald et al. (1977) observed increases in 
the amount of ADH protein in flies selected over 28 generations for increased alcohol 
tolerance. There was no change in enzyme structure or catalytic function and it was concluded 
that the most likely basis for the selection response was regulatory. Similar results were found 
for an esterase enzyme after selection for increased chemical insecticide resistance in aphids 
(Devonshire, 1977). A correlated increase in the level of carboxyl esterase was apparent but 
there was no obvious change in the efficiency of the enzyme. As a further example, Hoom 
and Scharloo (1981) found that they could select flies to express a-amylase activity earlier in 
their development. 
Most allozymic and all regulatory variation that has been well studied has some 
physiological significance so regulatory variation possesses potential adaptive significance. In 
systems that have been extensively analysed, functional (i.e. biochemical-physiological) 
variability has had adaptive significance in the relevant environmental and/or genetic contexts 
(see McDonald, 1983, for a review). 
1.4 LINKAGE DISEQUILIBRIUM AND EPISTASIS 
A distinct pattern or change in allele frequencies in a selection experiment can be caused 
by several mechanisms. Besides selection, these include drift, due to small population size, 
population subdivision, gene flow, and inbreeding. Hitch-hiking among linked genes, one or 
more of which are selected but show no epistasis, can result from linkage disequilibrium. Any 
evolution may then be due to a linked locus rather than the locus under observation. Selection 
for favoured combinations of alleles at two loci due to an ~pistatic interaction (i.e. coadapted 
gene complexes) can give rise to the same result. Thus when comparing alleles from several 
lines of an organism, the genetic background should be made as homogeneous as possible 
except, obviously, for the allele of interest. This may be achieved through certain types of 
crossing programmes in D. melanogaster (e.g. Lindsley and Grell, 1968). 
Clearly enzyme polymorphisms may reflect several factors beside selection. Therefore 
several types of information are required to demonstrate that an enzyme polymorphism is 
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adaptive. Clarice (1975) and Koehn (1978) identified several of these areas and these are 
discussed in the following section. 
1.5NECESSARY INFORMATION FOR THE DEMONSTRATION OF SELECTION 
1.5.1 Basic characterisation of the locus 
The most fundamental step in demonstrating the adaptive significance of an enzyme 
polymorphism involves an unambiguous demonstration that putative allozymes comprise 
allelic variants at a single locus. Non-allelic variation due to the binding of cofactors (Schwartz 
and Sofer, 1976), post-translational modification (Cochrane and Richmond, 1979b; Johnson 
et al., 1981), or other non-allelic isozymes with overlapping functions may all contribute to 
the variation seen on a starch or polyacrylamide gel. Furthermore, electrophoresis alone cannot 
distinguish all the allelic variants of enzymes that exist in natural populations (Maynard Smith, 
1972; King, 1974). This additional electrophoretically cryptic variation has been found in 
significant amounts in natural populations (Coyne et al., 1979). However at least some of this 
variation can now be resolved by the use of more sophisticated techniques such as sequential 
acrylamide gel electrophoresis or high resolution cellulose acetate electrophoresis (refer 
section 1.2 above). This reduces the possibility that fitness or biochemical comparisons are 
made between genotypes which are themselves heterogeneous. 
l.S.2 Gene frequency data 
Studies of enzyme variants in natural populations allow the analysis of correlations 
between allele frequencies and environmental variables (e.g. humidity, temperature). These 
data may then provide clues to the selective agents acting on the locus and thus form the basis 
of a specific hypothesis. Experimental manipulations of 1:he environment can then test the 
predictions of the hypothesis. For example, laboratory population cages allow specific 
environmental challenges to be made in the absence of other factors such as migration. Either 
the allele frequencies are recorded over several generations or the relative viabilities of 
genotypes are estimated from one generation. However linkage effects may obscure the real 
effects on the allele of interest. Chovnick et al. (1977) and Thompson et al. (1977) have 
reported cases of very tightly linked cis-acting regulatory sequences. Allele frequency changes 
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in glucose-6-phosphate dehydrogenase in cage populations of D. melanogaster could still be 
due to linkage effects even after 52 generations (Bijlsma and van Delden, 1977; Woodruff and 
Ashbumer, 1979). Polymorphisms located one to five map units around the locus could have 
contributed to the allele frequency changes via linkage disequilibrium. Even conservative 
estimates of the number of loci per map unit place this at between 18-90 loci (Zera et al., 1985). 
Clearly, the results of selection experiments are most convincing when a specific 
environmental condition is known to exert a direct effect on the locus of interest. For example, 
with few exceptions, addition of ethanol to media in concentrations from six to 12 % is 
reflected in a rise in the frequency of the AdhF allele in D. melanogaster (Gibson, 1970; van 
Delden et al., 1978; Cavener and Clegg, 1981a; Oakeshott et al., 1984). 
1.5.3 Biochemical characterisations 
Electrophoresis detects structural differences among allozymes; functional differences 
may be detected by other biochemical characterisations. Such characterisations form a key step 
in the study of the adaptive nature of allozyme variation. The types of measurements made 
include estimates of kinetic parameters, inhibition constants, temperature stabilities, and pH 
and temperature optima. Significant biochemical differences between allozyme variants have 
been found for a large number of systems in a variety of species. Harris (1966) studied 30 
human enzyme systems and found that more than 60% of the naturally occurring 
electrophoretic variants possess obvious functional differences. 
In order to identify biochemical differences between allozymes, it is often necessary to 
have at least partially purified the protein before performing kinetic analyses. In every enzyme 
system subjected to a detailed analysis some variation in biochemical properties has been 
detected (e.g. Miller et al., 1975). 
1.5.4 Physiological consequences of the allozymes 
Once the presence of biochemical variation has been established it is necessary to 
demonsrate that this affects physiology and fitness. Studies of the physiological differences 
between allozymes have commenced relatively recently (e.g. Cavener and Clegg, 1981b) and 
are stil(comparatively few. It is with this aspect of allozymes that the major part of this thesis 
is concerned. 
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1.6 ESTERASE 6 
1.6.1 Introduction 
Esterases are amongst the most polymorphic enzymes in insects (Johnson et al., 1966a), 
although in only a few cases are their in vivo substrates and functions known. The natural 
substrate(s) of esterase 6 (Est 6=gene; EST 6=enzyme; E.C.3.1.1.1.) remains to be defined but 
its functional role in D. melanogaster is at least partly known and has been found to be 
associated with the male reproductive system (Sheehan et al., 1979; Richmond et al., 1980). 
The esterase 6 gene/enzyme system of D. melanogaster has proved to be one of the few cases 
for which attempts to relate fitness, or its components, to electrophoretic variability have been 
successful (Rose, 1984). 
Esterase 6 was the first enzyme polymorphism to be described in D. melanogaster 
(Wright, 1961; Wright, 1963) and has been developed since then into an ideal system for 
population and evolutionary studies. There are several reasons for this, including the 
information available on its molecular biology, biochemistry and physiology, and the range 
of polymorphisms it displays. Both regulatory and structural variation have been identified. 
Furthermore, the latitudinal clines seen for the two most common allozymes in both D. 
melanogaster and D. simulans have led to the inclusion of Est 6 in the debate about the 
evolutionary significance of allozyme variation both within and between species (Anderson 
and Oakeshott, 1984). These factors provide a unique framework in which to study Est 6 and 
are discussed more fully below. 
1.6.2 Molecular biology 
The Est 6 structural gene is on the left arm of the third chromosome, and the genetic and 
cytological map positions are 3-36.8 (Wright, 1963) and 69Al (Oakeshott et al., 1987) 
respectively. An independent locus, m-est, which modifies the electrophoretic mobility of 
several Est 6 allozymes, has been reported by Cochrane and Richmond (1979b) and maps 
The. r-~\ ~VOll'\'"t °' \\e.) .e., 
genetically to 3-56.7. appears to have a low frequency in natural populations. There 
is also at least one locus on the X chromosome which influences the activity of EST 6 
(Richmond and Tepper, 1983). 
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The Est 6 gene in D. melanogaster has been both cloned and sequenced (Oakeshott et 
al., 1987; Collet et al., 1990). The coding region of the gene is 1.699 kbp long and consists 
of two exons, the first of which is 1.387 kbp and the second 0.248 kbp, separated by a single 
intron of 51 bp. Two transcripts were identified, of 1.68 and 1.83 kb. These are likely to have 
arisen from the use of two polyadenylation signals (Collet et al., 1990). Both transcripts 
displayed the same developmental profile as the EST 6 protein and neither were found in an 
Est 6 null line (which contains a B 104 transposable element in the gene). 
The Est 6 gene is part of a tandem duplication. The coding sequence of another esterase 
gene, Est P, starts 197 bp 3' of the Est 6 termination codon. There is 64% sequence similarity 
between the two genes (Collet et al., 1990). 
The primary amino acid sequence of the EST 6 protein includes a 21 amino acid signal 
peptide which is characteristic of secreted proteins (Came and Scheele, 1982). This is 
consistent with the evidence that EST 6 is secreted into the seminal fluid of males by cells of 
the anterior ejaculatory duct (Stein et al., 1984). There are four putative N-linked glycosylation 
sites, which supports previous biochemical evidence that EST 6 is a glycoprotein (Mane et 
al., 1983). Components of a putative active site were inferred from clear sequence similarities 
with other eukaryotic esterases. The catalytic mechanism is thought to involve a Ser-Arg-Asp 
charge relay analagous to the Ser-His-Asp relay in serine proteases (Myers et al., 1988). 
1.6.3 General biochemistry 
Esterases catalyse the cleavage of esters to their constituent alcohols and acids. 
Carboxylesterases in particular hydrolyse carboxy-ester bonds. EST 6 is a non-specific ~-
carboxylesterase which can hydrolyse a wide variety of synthetic esters in vitro (Danford and 
Beardmore, 1979). While its in vivo substrate remains unknown, it displays a strong affinity 
for short chain ~-napthyl ester substrates in vitro (White et al., 1988) and thus is amenable to 
specific histochemical staining techniques in vitro. 
In D. melanogaster the Est 6 locus exhibits a world-wide polymorphism for two major 
alleles, Est 6F and Est 68 (Oakeshott et al., 1981). Purified preparations of the EST 6-F and 
EST 6~S allozymes have been characterised for their pH optimum, substrate specificity, 
organophosphate inhibition, thermal stability, and kinetic parameters (Mane et al., 1983; White 
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et al., 1988). EST 6-F was found to be less thermostable, less susceptible to some 
organophosphate inhibitors, and to have a lower catalytic efficiency over a wide range of (in 
vitro) substrate concentrations. Thus these variants have differences in their physical and 
kinetic properties which may underlie the selective maintenance of the polymorphisms and 
explain, at least in part, the clinal variation obseived in natural populations. 
In D. melanogaster EST 6 is a monomer with a single catalytic site and molecular weight 
of 63KDa (Mane et al., 1983). D. simulans and D. mauritiana, which belong to the 
melanogaster subgroup, were also found to possess a monomeric form of EST 6, again mainly 
in the reproductive tract (Morton and Singh, 1985). The nucleotide sequences of Est 6 from 
these three species were compared and revealed a degree of conservation of amino acids 
(Karotam, 1986). It is likely that the similar structure and function of the enzyme across these 
species is maintained by stabilising selection. 
In D. yakuba and D. erecta, which are also members of the melanogaster subgroup, EST 
6 is a dimer, and is expressed in different tissues. In D. yakuba most of the activity is in the 
testes, accessory glands, and ejaculatory duct and bulb, rather than the anterior ejaculatory 
duct, as in D. melanogaster. Much less EST 6 activity is found in D. erecta and this activity 
is no longer specific to the male reproductive tract. In fact, comparable amounts of EST 6 are 
found in both sexes, mainly in the thorax, with lesser amounts in the head and abdomen 
(Oakeshott et al., 1990). When Est 6 sequence data from D. yakuba and D. erecta were 
compared with those of D. melanogaster, relatively more physiochemically nonconservative 
replacements in areas of functional significance were found than in D. simulans and D. 
mauritiana (van Papenrecht, 1986). Both Karotam (1986) and van Papenrecht (1986) 
concluded that the overall selective constraint was low, suggesting that the Est 6 gene/enzyme 
system is rapidly evolving. However, the tissue distribution of EST 6 in these sibling species 
indicates that EST 6 acquired its reproductive function relatively recently; this may be 
associated with the change from a dimer to a monomer (Morton and Singh, 1985). 
b 
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1.6.4 Esterase 6 and reproductive behaviour and physiology in Drosophila melanogaster 
1.6.4.1 General physiology 
EST 6 is present throughout the lifecycle of D. melanogaster, but the amount of EST 6 
activity varies between the different life stages and sexes (Sheehan et al., 1979). Low levels 
of EST 6 activity are found in newly laid eggs and all the stages before eclosion. EST 6 activity 
then increases rapidly during the 12 to 36 hours after eclosion (Sheehan et al., 1979). This is 
due to increased production of the EST 6 protein (Game and Oakeshott, 1989) caused by 
increased levels of EST 6 mRNA (Oakeshott et al., 1987). It is at this point that the EST 6 
activity level stabilises in the female. However in virgin males the increase in activity continues 
until 72 hours after eclosion, resulting in the males having three to nine times the activity level 
of the females (Sheehan et al., 1979; Gilbert and Richmond, 1982; Game and Oakeshott, 1989). 
Synthesis of EST 6 in the adult male occurs primarily in the anterior ejaculatory duct 
(Stein et al., 1984), a secretory and propulsive organ of the reproductive tract of adult males 
which connects the accessory glands and testes to the ejaculatory bulb and penis (Chen, 1984). 
Both juvenile hormone and 20 hydroxyecdysone stimulate the production of EST 6 in adult 
males when applied topically to the abdomen (Richmond and Tepper, 1983). 
Significant levels of EST 6 activity in adult D. melanogaster are found in the crop and 
haemolymph, with lesser levels in the mouthparts, eyes and female reproductive system. EST 
6 activity has also been found in the antennae, with females having higher levels than males 
(Oakeshott et al., 1990). The major site(s) of EST 6 synthesis in the female has not been 
identified. 
Anterior ejaculatory duct EST 6 is transferred to females as a component of the seminal 
. 
fluid during the first one minute of mating (Meikle et al., 1990). This is before the transfer of 
sperm, which usually occurs after the first 10 minutes (Gromko et al., 1984a), with copulation 
lasting a total of 20 minutes. The male's EST 6 activity returns to virginal levels one to two 
days after mating (Richmond and Senior, 1981). Male donated EST 6 is translocated from the 
reproductive tract into the female's haemolymph within minutes of a mating. This translocated 
EST 6 can be detected for up to four days after mating (Meikle et al., 1990). 
The neural focus for mating and receptivity is in the female's head (Szabad and Fajszi, 
1982; Tompkins and Hall, 1983). EST 6 could interact with components of the female's central 
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nervous system while it is in the haemolymph and thus affect her mating behaviour (Scott, 
1986a). Alternatively EST 6 may not have a direct effect on a neurological target but may 
instead react with some other metabolite elsewhere in the body (e.g. perhaps EST 6 acts on 
the females' seminal receptacle which in turn affects her subsequent mating behaviour). 
1.6.4.l Sperm use 
The EST 6 that is transferred from the male to the female during mating affects the rate 
at which sperm are released from storage in the female (Gilbert, 1981b; Gilbert et al., 1981b). 
4 000-6 000 sperm may be transferred during a mating, with up to 1 200 of these being stored 
in the seminal receptacle and paired spermathecae during the next four to seven hours. The 
majority of sperm are stored in the ventral seminal receptacle, which consists of a long tube, 
tightly coiled against the anterior end of the uterus. The spermathecae are mushroom-shaped 
organs imbedded in a matrix of fat body cells. Each spermatheca comprises a dark brown 
sclerotinized capsule and slender, trachea-like duct which connects it to the anterior, dorsal 
end of the uterus. After mating, rapid release of sperm ensues with a daily release of sperm 
of up to twice the maximum egg production capacity in the first three days (Gilbert,1981b). 
EST 6 strongly influences this rate of release such that females inseminated by EST 6 active 
males release sperm from the seminal receptacle at the rate of 100-165 sperm/day; whereas 
for females mated to the EST 6 null males this rate is only 50-100 sperm/day (Gilbert, 1981b; 
Gilbert et al., 1981b). Sperm stored in the spermathecae are affected in a similar way. 
Lefevre and Moore (1967) found that sperm from one day old males was transferred and 
stored at a slower rate than sperm from three day old males. This is consistent with the action 
of EST 6 on the rate of sperm usage since one day old males only have about 25% of the 
enzyme activity of three day old males (Sheehan et al., 1979). 
Ejaculatory bulb ~-carboxylesterases in the mulleri suogroup of Drosophila show similar 
substrate preferences to EST 6. The presence of these esterases is correlated with the fertility 
of crosses among species within this subgroup (Johnson and Bealle, 1968). In crosses involving 
males with a ~-esterase in their ejaculatory bulb an average of 55% of females had motile sperm 
in their receptacle, compared to only 6% for females mated with males lacking ~-esterases in 
their ejaculatory bulbs. 
---
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All these findings suggest that EST 6 plays a role in sperm motility in the females' sperm 
storage organs. A possible mechanism is through the metabolism of ejaculate lipids. Mann 
(1964) indicated that some lipids can serve as energy substrates in sperm metabolism. EST 6 
has been shown to possess lipolytic activity under the appropriate conditions (Danford and 
Beardmore, 1979; R.C. Richmond, pers. comm.). 
1.6.4.3 Progeny production 
It is widely accepted that the best measure of the fitness of an individual is its lifetime 
reproductive success (Outton-Brock, 1983). EST 6 also affects progeny production. Females 
mated to EST 6-S males produce 30-35 % more progeny than females mated to EST 6-0 (null) 
males at low temperatures (l 8°C but not 25°C; Gilbert et al., 1981 b; Gilbert and Richmond, 
1982). 
In D. melanogaster a high amount of sperm wastage from female sperm storage organs 
occurs at 25°C (Gilbe1'4 1981b), presumably reflecting conditions of high sperm motility. Thus 
any effect of EST 6 on improving sperm motility would not necessarily result in an increase 
in progeny production. However at 18°C endogenous sperm motility is lower, and other 
components of the ejaculate such as the male donated lipids may cause significantly greater 
resistance to sperm passage. It is under these conditions that the action of EST 6 may improve 
progeny production since D. melanogaster will mate at l 8°C and even lower temperatures in 
the field (Gilbert and Richmond, 1982). 
The availability of yeast also has a significant influence on productivity (Nunney, 1983). 
D. Meikle and R.C. Richmond (pers. comm.) observed differences in production between 
females with different Est 6F and Est 68 genotypes when live yeast was not included in the 
culture medium. At 18°C, the heterozygotes had greater productivity than the homozygotes. 
At 25°C, Est 6F homozygotes and heterozygotes had greater productivity than the Est 68 
homozygotes. 
The Est 6 locus therefore appears to influence reproductive success at low temperatures 
and sub-optimal nutritional levels. However these results may also be due to linkage 
disequilibrium, or to general heterotic vigour. 
=-
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1.6.4.4 Mating behaviour 
Using Est 68 and Est 6° (null) lines which were otherwise genetically similar, Gilbert 
and Richmond (1982) found that Est 68 males copulated for 5 minutes less than the nulls at 
18°C. Copula duration is controlled by the male and MacBean and Parsons (1967) suggest that 
longer copulations permit more complete transfer of the ejaculate. EST 6 may well act to assist 
sperm transfer at low temperatures (Gilbert and Richmond, 1982) so lengthened copulation 
by the nulls may be a behavioural response to compensate for retarded ejaculate transfer. This 
could be tested directly by comparing sperm numbers in the ventral receptacles of females 
mated to males null versus active for EST 6, whose matings were interrupted at different 
inteivals after the start of mating. 
Gilbert and Richmond (1982) reported that Est 6s males start mating approximately 7 
minutes earlier than nulls at both l 8°C and 25°C. Est 6P males mate more quickly than Est 6s 
males at both warm (25°C) and cool (16°C) temperatures (Aslund and Rasmuson, 1976). 
However the possibility that this result is due to linkage disequilibrium between the Est 6 locus 
and other loci with primary effects on mating speed cannot be ruled out (Gilbert, 1985). 
1.6.4.5 Remating behaviour 
Females of D. melano gaster will remate before sperm from a previous mating is exhausted 
(Lefevre and Jonsson, 1962). Two effects of EST 6 on the incidence of female remating have 
been described. First, at 22°C, females mated to EST 6 active males remate less frequently 
6-18 hours after mating than do females mated to EST 6 null males (Scott, 1986a). This effect 
was confirmed using males covering a range of EST 6 activities; the higher the EST 6 activity 
of the male, the longer it took for a female to remate (Game, 1989). The difference between 
the null and active lines at least is due to decreased female receptivity, rather than a change 
in her attractiveness (Scott, 1986a), and is independent of the number of stored sperm (Gilbert, 
1981b). This has implications for the reproductive fitness of the female's first mate. When 
females mate twice in one day, 40-90% of the first male's sperm is displaced or lost (Gromko 
et al., 1984b), making it advantageous for males to possess relatively high EST 6 activity 
levels. 
-=-
The second effect of male EST 6 on female remating is to increase the frequency of 
remating two to three days later. At this time, females mated to EST 6 active males are more 
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likely to remate than those mated to EST 6 null males (Richmond et al., 1980; Gilbert et al., 
1981 a). This trend is in the opposite direction to that for remating after just 6-18 hours. 
However, this second effect of male EST 6 on female remating is abolished if the initial mating 
is interrupted prior to sperm transfer, or if the females are mated to sterile XO males which 
do not produce or transfer motile sperm (Richmond et al., 1986). These results suggest an 
interactive effect of EST 6 with other components of the ejaculate. 
This latter effect of male donated EST 6 may be explained in terms of EST 6 promoting 
the faster release of stored sperm, since, in many populations, the timing of remating in females 
is directly proportional to the number of sperm in storage (Gilbert et al., 1981a; Gromko et 
al., 1984a; Letsinger and Gromko, 1985; Gromko and Newport, 1988). 
1.7 POPULATION GENETICS 
1.7.1 EST 6-F/EST 6-S polymorphism and clinal variation 
EST 6 shows considerable polymorphism in natural populations for both the activity and 
electrophoretic mobility of the enzyme. It is polymorphic for two major allozymes, EST 6-F 
and EST 6-S ( Mane et al., 1983), which occur in the vast majority of natural populations of 
D. melanogaster that have been examined (Oakeshott et al., 1981). The sibling species D. 
simulans also possesses these major allozymes, and in both species Est 6F becomes rarer with 
increasing distance from the equator. The opposite trend occurs for Est 6s. The occurence of 
parallel clines on three different continents for these sibling species strongly suggests that the 
variants are subject to natural selection (Oakeshott et al., 1981; Anderson and Oakeshott, 
1984), despite reports of aberrant trends over smaller geographic ranges (Jiang et al., 1989). 
The frequency of third chromosome inversions also varies clinally in D. melanogaster 
(Voelker et al., 1978; Knibb et al., 1981). The possibility that the Est 6 cline is maintained 
by gametic disequilibrium with the In (3L)P inversion (which contains the Est 6 locus) was 
disproved by Voelker et al. (1978), who found that the direction of the cline in inversion 
frequencies works against the expression of the allozyme cline in North America. Furthermore, 
D. simulans lacks any chromosome inversions but still shows the cline for Est 6 (Anderson 
and Oakeshott, 1984). It is quite possible that it was not until the arrival of European man 
---
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that Australia and North America were colonised by D. melanogaster (Bock, 1980). If this is 
the case then the clines for Est 6 have been established quite rapidly, further supporting the 
theory that selection is maintaining this variation. 
' 
Environmental components that vary with latitude include temperature. The frequency 
of Est 6F repeatedly declined in winter and increased in late summer in several populations in 
the Hunter Valley of N.S.W. (Franklin, 1981). To further test for a role of temperature, 
Oakeshott et al. (1988) sampled five populations from widely separated latitudes in Australia 
and maintained these in an enclosed natural environment at a more centrally located latitude 
(Canberra). It was expected that the frequencies of Est 6F and Est 6s would approach the 
intennediate frequencies characteristic of the test site. This did not occur, possibly because 
some other environmental component responsible for the cline was absent or confounded by 
an unknown factor in the experiment. However the frequency of Est 6F did decrease in winter, 
""~'~ e_t; o.l . (1qg3) ho-v~ p~i"'M o~ +hen- -t-h~~ 
which concurs with the earlier result of Franklin (1981) above. ~s still no direct evidence 
identifying temperature as the selective agent on Est 6. 
The carboxylesterases of animals have been linked to the detoxification of xenobiotics, 
especially organophosphate compounds (Peters, 1982; Mentlein et al., 1984). It is likely that 
non-specific esterases are involved in insecticide resistance in the Australian sheep blowfly 
Lucilia cuprina (Raftos, 1986). The two major allozymes of Est 6 differ in the extent to which 
they are inhibited by some insecticides, with Est 6s being the more susceptible to certain 
organophosphate insecticides (Wright, 1963; White et al., 1988). The frequency of Est 6F in 
D. melanogaster was much higher in an Egyptian population that was exposed to high levels 
of the insecticides Dursban and Lannate during the summer (Abou-Youssef et al., 1983). 
During the winter when no insecticides were used the Est 6F frequency fell to the level found 
in untreated neighbouring populations. Cage population experiments further supported the 
hypothesis that the insecticides were responsible for these frequency differences (Abou-
Youssef et al., 1984). Some of the clinal variation may be a result of differential geographical 
use of insecticides. 
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1.7.2 Frequency dependent selection 
It has been proposed that it is frequency dependent selection which maintains the EST 
6-F/EST 6-S polymorphism at the Est 6 locus (Kojima and Yarbrough, 1967). Allele 
frequencies of Est 6 converge from different starting points after only a few generations 
(MacIntyre and Wright, 1966; Rasmuson et al., 1967; Morgan, 1976). Frequency dependent 
selection fits the data better than a model of heterozygote advantage (Yarbrough and Kojima, 
1967). furthermore, both Kojima and Yarbrough (1967), and Birley and Beardmore (1977) 
reported that the selective advantage of an Est 6 allele was an inverse function of its frequency. 
Huang et al. (1971) investigated a potential mechanism responsible for frequency 
dependent selection. Larvae of specific Est 6 genotypes (Est 6F/Est 6F, Est 6s/Est 6s, or Est 
6F/Est 6s) were grown in separate vials aild killed. These "conditioned" vials were later used 
to grow one of the three genotypes. Larvae were most viable when grown in a vial conditioned 
by one of the other genotypes. Similarly, Birley and Beardmore (1977) concluded that the 
viability of an Est 6 genotype depended on the genotypes of the individuals that previously 
inhabited the larval medium. Kojima and Huang (1972) noted the conditioning effect was only 
apparent when larvae were grown in crowded conditions where food was scarce. 
This conditioning effect may result from the depletion of required nutrients or the 
production of toxic byproducts. Birley and Beardmore (1977) reported that lines homozygous 
for Est 6s produce large quantities of isoamyl alcohol, while Est 6F homozygotes produce p-
hydroxybenzoic acid. Each substance is only inhibitory to the fitness of the producer 
homozygote. 
In addition to the common Est 6F/Est 68 alleles, rarer allelic variants of Est 6 have been 
described and isolated as laboratory stocks (Rodino and Martini, 1971 ; Rodino and Danieli, 
1972). Costa and Beardmore (1980) examined fitness differences between one of these rarer 
variants, Est 6VF (very fast), and the common Est 68 allele. Different densities, temperatures 
and genotypic compositions were used. Frequency-dependent selection was apparent when the 
frequencies of the alleles in the experimental populations were quite different to those in the 
wild. Heterozygote advantage became more apparent as the frequency of Est 68 approached 
that found in natural populations. Temperature and density also influenced fitness at this point. 
Since selection against the homozygous Est 6 VF genotype was observed under all experimental 
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conditions, it is thought that it is these mechanisms which maintain the Est 6 VF allele at 
relatively low frequencies. 
Nigro et al. (1985) further extended this work by comparing the fitness of Est 6 VF with a 
common Est 6F allele. Again there was strong selection against the rare allele, but this occured 
without any evidence for frequency-dependent selection. The effects of competition between 
two low frequency allozymes, Est 6 VF and Est 6 vs, were also studied. These homozygotes were 
found to have similar fitnesses when competing with each other. The heterozygotes possessed 
a distinct advantage. 
1. 7.3 Other structural and regulatory variation 
Cochrane (1976) and Cochrane and Richmond (1979a) documented thermostability 
variation for the EST 6 enzyme in four North American populations. They identified a total 
of seven EST 6 variants, four from the EST 6-F class and three from the EST 6-S class. Cooke 
et al. (1987) used high resolution cellulose acetate electrophoresis on 157 isoallelic lines 
isolated from a single population at Coffs Harbour, and found 10 polymorphic allozymes of 
EST 6. These fell into five major classes including the established EST 6-F and EST 6-S 
classes. The thermostability variants did not correlate with this electrophoretic variation. 
Bartoli (1988) identified an additional four allozymes, three of which were relatively rare, 
when he examined three other Australian populations over a range of 25°C latitude. 
A subset of 52 of the lines used by Cooke et al. (1987) and Bartoli (1988) was assayed 
by Labate et al. (1989) for enzyme thermostability. These data, and those from similar analyses 
on 13 American lines, revealed seven additional EST 6 variants within five of the allozymes. 
Thus they identified 21 alleles at the Est 6 locus. Again there was little correlation among the 
variants detected by either electrophoresis or thermosta_!)ility. Since only a subset of the 
original lines was assayed, the total amount of structural variation in Est 6 may approach the 
high level seen in some other variable systems such as Est 5 and Xdh of D. pseudoobscura 
(41 and 37 variants respectively; Singh, 1979; Keith, 1983; Keith et al., 1985). Many studies 
which compared the influence of the EST 6-F/EST 6-S polymorphism on different components 
of fitness failed to screen for cryptic variation within the EST 6-F and EST 6-S classes. Thus 
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many of the discrepancies among these studies may have arisen because different authors 
studied different structural variants of EST 6-F and EST 6-S. 
Nucleotide sequence data exist for 11 independent Coffs Harbour isolates of the Est 6 
gene and two American sequences (Oakeshott et al., 1987; Cooke, 1988; Collet et al., 1990; 
Cooke and Oakeshott, 1989). Fifty two nucleotide differences were found, with 16 of these 
leading to amino acid changes. Two amino acid polymorphisms were identified as potentially 
underlying the EST 6-F/EST 6-S mobility difference. Of these, a difference at position 237 
between an Asparagine and Aspartic acid residue is the most likely, since there is a resultant 
charge difference. Minor mobility differences are probably due to amino acid replacements 
which affect the conformation of the EST 6 molecule. 
A substantial amount of heritable EST 6 activity variation in both males and females was 
observed in 42 lines made isogenic for the third chromosome (Game and Oakeshott, 1989). 
Males had 3.2 fold differences in EST 6 activity, and females 2.7 fold variation. These modes 
of variation are largely independent, although both are probably attributable to third 
chromosome effects. The activity variation is due to differences in the number of EST 6 
molecules produced, rather than differences in their catalytic efficiencies, and thus is likely 
to reflect regulatory variation. 
While there is a high degree of variation in EST 6 activity, no naturally occurring null 
alleles have been found despite extensive field testing (Voelker et al., 1980; Langely et al., 
1981). There are references in the literature to EST 6 null flies isolated from natural 
populations (Trippa et al., 1979; Cambissa et al., 1982) but these are actually low activity 
variants. The only true EST 6 nulls reported so far were isolated from laboratory populations 
where they either arose spontaneously or were induced by mutagenesis (Richmond et al., 1980; 
R.C. Richmond and K. Sheehan, pers. comm.). 
1.8 SUMMARY AND INTRODUCTION TO MY EXPERIMENTS 
In D. melanogaster, EST 6 is produced primarily in the anterior ejaculatory duct of the 
adult m-ale, from where it is transferred to the female during mating. This suggests a role for 
the enzyme in reproductive fitness. In this thesis reports are made on two experiments 
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investigating this role, one investigating the effect of variation in the EST 6 activity of males 
on the latency to mating, the second investigating the effects of this variation on the 
productivity of these matings. Sperm counts were then made to establish whether a differential 
rate of loss of sperm accounted for the productivity differences. EST 6 is also present in the 
immature lifestages and may well affect the fitness of the developing fly either by catabolising 
Q..~l"'S 
dietary 11t=r 1 •~ r by the detoxification of noxious compounds. Development times and 
percentage survival of different EST 6 isoallelic lines are also compared in this thesis. 
21 
Chapter 2 PRE-ADULT ESTERASE 6 AND FITNESS 
2.1 lNTRODUCTION 
There is an anomaly in the literature on the adaptive significance of EST 6 in D. 
melanogaster. Studies on the physiology of the enzyme indicate that the major pulse of EST 
6 activity is in adults, and, more specifically, mainly in the anterior ejaculatory duct of the 
male (Morton and Singh, 1985). However much of the work on selective differences among 
EST 6 variants has centred around differences in the fitness of larvae, rather than that of adults. 
EST 6 appears to be involved in the metabolism of naturally occurring esters (Danford and 
Beardmore, 1979; 1980; Zera et al., 1985; Costa et al., 1985) and thus may play a role in larval 
nutrition. This possibility is supported by the recent finding that most (third instar) larval EST 
6 activity is located in the haemolymph (M. Dumancic, pers. comm.), where an effect on the 
metabolism of dietary esters might be expected. 
Studies on larval fitness have demonstrated differences in viability attributable to the Est 
6F and Est 68 genotypes (e.g. Huang et al., 1971; Kojima and Huang, 1972). Moreover these 
differences were found to be frequency dependent; both Kojima and Yarbrough (1967) and 
Birley and Beardmore (1977) reported that the relative viability of larvae of the various Est 
6F or Est 68 genotypes was an inverse function of their respective frequencies. Kojima and 
Huang (1972) showed that this frequency dependence was mainly operative in crowded 
cultures. Huang et al. (1971) and Kojima and Huang (1972) were also able to demonstrate 
that this frequency dependence was mediated by a "conditioning effect" on the media. They 
showed that the viability of Est 6F/Est 6F, Est 68/Est 65 and Est 6F/Est 65 larvae was lowest 
when they were reared on media previously conditioned by larvae of the same genotype. Higher 
viabilities were evident when the larvae were reared on media conditioned by one of the other 
genotypes. 
In a discussion on mechanisms potentially responsible for this result, Birley and 
Beardmore (1977) reported that Est 6F and Est 68 homozygotes deposited distinct chemicals 
into the food medium. The Est 6s homozygotes produced isoamyl alcohol while the Est 6F 
homozygotes produced p-hydroxybenzoic acid. Each substance was found to only be inhibitory 
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to the producer homozygote (Naylor, Beardmore and Ballantyne, cited in Birley and 
Beardmore, 1977). Unfortunately this work does not appear to have been published or further 
investigated. However, Danford and Beardmore (1980) have investigated the effects of adding 
other esters to the culture medium. They observed that the addition of n-propyl formate 
decreased the relative pre-adult survival of flies bearing the Est 68 allele in comparison with 
those bearing the Est 6F allele. This effect was frequency dependent although the nature of 
the frequency dependence was not straight forward. 
Although Dolan and Robertson (1975) were not able to repeat the observations of 
frequency dependent selection on the relative larval viabilities of Est 6 genotypes, several other 
studies have demonstrated frequency dependent selection among the genotypes, though not 
necessarily just with respect to larval viability (Birley and Beardmore, 1977; Costa and 
Beardmore, 1980). Typically, the design of these other experiments has not always precluded 
effects on other fitness components, such as fecundity and mating ability. For example, the 
frequency of Est 6F moves toward 30% for progeny derived from parents started at a range of 
Est 6F frequencies (Kojima and Yarbrough, 1967; Yarbrough and Kojima, 1967; Morgan, 
1976). The resultant genotypic frequencies could reflect the relative viability of different larval 
genotypes but could also be due to differences in adult components of fitness. 
The possibility of fitness differences between the relatively common Est 6F or Est 68 
genotypes and other, rarer Est 6 genotypes has also been investigated and again differences 
in larval fitness which are at least sometimes frequency dependent were found. Costa and 
Beardmore (1980) studied selection between Est 65 and Est 6vF genotypes by analysing 
resultant genotypic ratios of progeny from females premated to produce offspring in Hardy-
Weinberg expected frequencies of 0.8, 0.5 or 0.2 Est 6VF. At the 0.2 Est 6VF input frequency 
there was no apparent fitness difference between the genotypes, but Est 6 VF was disadvantaged 
at the higher input frequencies, when far fewer Est 6 VF flies reached adulthood than was 
expected from their starting genotypic frequencies. Nigro et al. (1985) used the same 
experimental design to compare Est 6VF with the other common allele, Est 6F, and also with 
another rare allele, Est 6vs. They found no fitness differences, frequency dependent or 
~~ 
otherwise, between genotypes for the two rare alleles. They did find however that Est 6 VF was 
- - - - --- - - - --- - - - ---------------
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at a disadvantage when in competition with the common Est 68 allele, but that this disadvantage 
was not frequency dependent. 
~ In this not inconsiderable body of work on Est 6 and pre-adult fitness there are still several 
assumptions and unknowns. Except for studies which specifically investigated egg-to-adult 
viability (Kojima and Yarbrough, 1967; Kojima and Huang, 1972; Birley and Beardmore, 
1977), the design of most studies would have allowed for selection in several components of 
fitness. In addition, apart from Birley and Beardmore (1977), and Gilbert (1985), there has 
been little investigation of development time; this may be a far more sensitive measure than 
larval viability since it is a quantitative measure affected by many metabolic processes (Church 
and Robertson, 1966; Cluster et al., 1987). Furthermore, while some differences in EST 6 
activity between the Est 6F and Est 68 genotypes have been documented in adults, nothing is 
yet known of their relative activities in pre-adults. Finally, just examining electrophoretic 
polymorphisms like EST 6-F/EST 6-S may be a highly inefficient way of screening for the 
effects of Est 6, since in adults at least, the electrophoretic variation only accounts for about 
10 % of the total activity variation (Game and Oakeshott, 1989). 
Therefore the first objective of this study was to detennine larval and pupal EST 6 
activities among several third chromosome isoallelic lines that Cooke et al. (1987) had 
previously scored for EST 6 electromorphs, and Game and Oakeshott (1989) had scored for 
adult EST 6 activities. The second objective was to then compare pre-adult components of 
fitness among these lines, fitness being estimated from both pre-adult viability and 
development time measures. These traits were chosen because they have been found to have 
a substantial influence on genetic variation in reproductive potential in Drosophila (Lewontin, 
1965; Taylor and Condra, 1983). Furthennore, developmental time is a function of larval 
nutrition (Robertson, 1960) and thus may reflect the direct influence of EST 6 on the 
metabolism of esters. Pre-adult components of fitness were assessed under both crowded and 
uncrowded conditions to test for density dependent effects. Finally the relationships between 
pre-adult EST 6 activity levels and pre-adult fitness measures were determined. 
24 
2.2 MATERIALS AND METHODS 
2.2.1 Origin and rearing of stocks 
- The experiments in this thesis are based on a set of 42 third chromosome isoallelic lines 
of D. melanogaster which differ in their electrophoretic EST 6 genotype and, in adults at leas4 
EST 6 activity. They were isolated from a population at Coffs Harbour, N.S.W. and their origin 
is described in detail by Cooke et al. (1987). Briefly, they were created using a routine back-
crossing program to a standard balancer third chromosome, TM3 (Lindsley and Grell, 1968). 
Of 157 wild third chromosomes initially isolated, 42 were found that were viable when kept 
as homozygous lines. None of these 42 lines carried third chromosome inversions. All the lines 
have been maintained in the laboratory since 1984 and their EST 6 genotypes have been 
rescored at regular intervals to check for contamination. 
The esterase 6 activities of 4 to 5 day old adult males and females from each of these 42 
lines were determined by Game and Oakeshott (1989) using the spectrophotometric assay of 
Sheehan et al. (1979). This assay measures the EST 6 V max of protein-standardised whole fly 
homogenates. Males and females showed a 3.2 and 2.7 fold range of variation in activity across 
the lines respectively. This variation in EST 6 activity was only weakly correlated across the 
two sexes. 
Cooke et al. (1987) identified six different electrophoretic variants of EST 6 among these 
42 lines. Four of these were major mobility variants and represented the following major 
mobility classes: EST 6-VF, EST 6-F', EST 6-F and EST 6-S. In the two most common classes, 
EST 6-F and EST 6-S, two additional electromorphs were identifiable as a result of minor 
mobility differences (EST 6-4 and EST 6-5 within EST 6-F and EST 6-8 and EST 6-9 within 
EST 6-S). A significant proportion of the variation among-lines in male EST 6 activity was 
associated with differences among the electromorphs (Game and Oakeshott, 1989). However 
this was mainly due to the high activity of two relatively rare EST 6 variants, EST 6-F' and 
EST 6-VF. No consistent differences in male activity were found among the other 
electromorphs in either the EST 6-F or EST 6-S classes. There was no association between 
female activity and any of the electromorphs (Game and Oakeshott, 1989). 
---
---
---
---
---
---
---
---
-----
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For the present work, the 42 lines were divided into two sets of similar size to facilitate 
experimentation. The set 1 lines covered the full range of adult EST 6 activity values (e.g. 1 
°'-r'o\+ro..1"'"'!) '1i\,+s m- O\d,vt"\-~ 
075 ± 69 to 3 444 ± 3 l~or males) and all six EST 6 electromorphs. These are the lines which 
were assayed for pre-adult EST 6 activity and fitness in this chapter. The set 2 lines came from 
the remainder of the 42 lines and covered a smaller range of adult activities (e.g. 1 556 ± 104 
to 2 295 ± 135 for males) and only four of the electromorphs. 
All lines were kept at 21°C-24°C, under a 12 hour light: 12 hour dark cycle. They were 
maintained in 375 ml bottles on a standard cornmeal/treacle/agar medium (see Appendix 1) 
which was also used in experimental vials as a food source. 
2.2.2 Activity assays 
EST 6 activity was assayed in homogenates of first instar larvae and two day old pupae. 
The V max (activity at saturating substrate concentrations) of the EST 6 catalysed reaction was 
assessed by laser densitometry of the EST 6 band after electrophoresis and histochemical 
staining for ~-carboxylesterase activity. Three or four replicate cultures were assayed for each 
line for both first instar larvae and two day pupae. In addition, up to three homogenates from 
each lifestage were assayed from each of the cultures and the activity values for these replicate 
homogenates were averaged prior to analysis. 
Cultures for assay were established by putting 50 pairs of 4-7 day old flies from each 
line in a large, well yeasted food vial. After one hour of egg laying the flies were removed 
and the vials incubated at 25°C. Embryos were staged according to standard morphological 
features (Bodenstein, 1950) and 48 hours after laying, first instar larvae were collected. Pupal 
stages were determined by the flotation method. This uses the presence of an air bubble to 
indicate the formation of the early puparium (Mitchell and Mitchell, 1964). Early puparia were 
placed in new vials to develop, and collected 48 hours later. Each homogenate was prepared 
from between 15 and 45 first instar larvae or from five to ten two day pupae. Each sample 
was homogenized in 0.1 ml of 0.1 M phosphate buffer (pH 6.8) and then centrifuged for 10 
minutes at 15 000 g. The supernatant was decanted and stored at -20°C until used. 
Native polyacrylamide gel electrophoresis was carried out on the homogenates after 
standardising the amount loaded at 15 µg protein/homogenate. Protein determinations were 
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based on the method of Lowry (Lowry et al., 1951 ), adapted for samples containing membranes 
and/or lipoproteins (Markwell et al., 1978) and read in a Titertek Multiskan Elisa plate reader. 
Following Vernick et al. (1988), electrophoresis was carried out in a native 7% 
polyacrylamide separating gel with a 3.5% stacking gel, both containing 0.1 % Triton X-100. 
Separating gels were buffered with 0.375 M Tris-HCl, pH 8.8. Stacking gel buffer was 0.13 
M Tris-HCl, pH 6.3. Electrophoresis was in 0.09 M Tris, 0.08 M boric acid, pH 8.2. The 
samples were electrophoresed for 210 min. at 250 V ( 16 W) at 4 °C and each gel then stained 
with 5 % (w/v) fast garnet GBC salt (Sigma), 2 % (w/v) a-naphthyl-acetate (Sigma) and 2 % 
(w/v) ~-naphthyl-acetate (Sigma) in 0.1 M phosphate buffer, pH 6.8. Staining was carried out 
at 37°C for about 30 minutes and the gel was then soaked overnight in fixing solution ( 40 % 
methanol, 10 % acetic acid, 3 % glycerol). 
There was insufficient EST 6 activity in either the larval or pupal extracts to permit 
standard spectrophotometric assays for the EST 6 V max· Accordingly, enzyme activity was 
determined by measuring the intensity of the EST 6 band from its absorbance at 640 nm in a 
Shimadzu dual-wavelength scanning laser densitometer. Preliminary experiments were done 
on high and low EST 6 activity lines and these established that the intensity of the stained 
band varied linearly over a range of protein concentrations from 5 µg protein/well to 50 µg 
protein/well. The units given for the EST 6 activities came from the ratio of the intensity of 
the EST 6 band from the sample of interest to the intensity of the band from a standard sample 
on the same gel. 
The activity data, like all other data sets in this thesis, were examined by analyses of 
variance generated by generalised linear modelling (GLIM) procedures (Payne, 1985) on a 
digital VAX 11nso computer. In the case of the activity data, the analyses tested the factor 
lines against the variation among replicate homogenates and the effect of lines was then 
partitioned into the contribution of the factor EST 6 electromorph. Analyses of untransfonned 
data are presented here but essentially similar results were obtained when natural logarithmic 
transformations of the data were analysed. 
---
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2.2.3 Fitness experiments 
The two measures of pre-adult fitness that I recorded were first instar larvae to adult 
viability and development time. About three different test cultures were set up for each line. 
Each test culture was started with 5{}-100 larvae; the larvae were placed either on 5.5 mls 
media ("crowded cultures") or on 10 mls media ("uncrowded cultures"). Over 200 adults can 
emerge from 10 mls of medium (Hoffmann and Cacoyianni, 1989). Typically, in studies 
rearing flies under "high density conditions", 400 eggs or larvae are grown in vials containing 
the equivalent of 10 mls media (Partridge, 1980; Taylor et al., 1987; Hoffmann and Cacoyianni, 
1989). In comparison to this body of work, the "crowded cultures" used here do not represent 
highly restrictive conditions. However the greater development times of larvae from the 
"crowded cultures" (see below) do indicate some decreases in perfomiance due to larval 
competition. 
Larvae to be tested were obtained from parents that were collected from uncrowded 
cultures as virgins by light ether anaethesia. Gilbert (198 la) observed that virgin females 
collected with carbon dioxide were more reluctant to mate three days after anaesthetisation 
than females collected with ether. Ether was used in all the experiments in this thesis because 
of the importance of mating to many of the results. The virgins were then aged in uncrowded 
conditions for 3-7 days and mated in clear plastic food vials (80 mm x 25 mm) in which they 
'~"'n-td 
were allo'!'7ed to lay for sixty hours. First instar larvae ~ere then collected from these vial~\ 
'" ~rou1)5 C1\S d as~ 4--o \C>~ ~; +~ \/ ,~\ o.s po~,\o \Q...-
and transferred to the test vial~ The test vials were kept at 18 ± 1 °C and the adults to emerge 
were counted and removed every day. 
Only test vials with 70-100 larvae in them initially were included in the analyses of 
viability scores, since a higher proportion of flies emerged when the starting number was less 
than this. Development time was unaffected by the initial number of larvae so all the data were 
included in these analyses. There was an equal sex ratio among the proportion of flies to 
emerge, and comparable development times for the sexes too. Thus the data for the sexes were 
pooled. The analyses of variance carried out on both fitness measures assessed the effects of 
two factors, namely crowding and lines, as well as their interaction. Where significant major 
""!:' 
or interactive effects of lines were identified, they were subsequently decomposed into the 
contributions of the factor EST 6 electromorph and the two variates larval and pupal EST 6 
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activity. The analyses shown below for both development time and viability were based on 
untransformed data, although analyses of angularly transformed viability data were also carried 
out and yielded qualitatively similar results to those on the untransformed scores. 
2.3 RESULTS 
2.3.1 EST 6 activity variation 
Table 2.1 gives the mean EST 6 activities of first instar larvae and two day old pupae 
(hereafter referred to more simply as larval and pupal activity) for the 17 set 1 lines for which 
data were obtained. There was little difference in activity between the two life-stages, with a 
mean value of 0.86 for larvae and of 0.89 for pupae. Larval and pupal EST 6 activity values 
are expressed in different units to those used by Game and Oakeshott (1989) for adult males 
and females and thus are not directly comparable. However the developmental profile of 
Sheehan et al. (1979) clearly shows that adults, males in particular, have much higher levels 
of EST 6 than pre-adults. 
Activity differences among the lines were significant for first instar larvae 
(F 16, 33 = 2.03,P < 0.05) and for two day pupae (F 16, 46 = 2.62,P < 0.01). Larvae showed up 
to a 340 % difference in activity among lines (0.36 ± 0.04 to 1.23 ± 0.13) while pupae showed 
a 300 % range in activity (0.42 ± 0.11 to 1.26 ± 0.03). These ranges are very similar to those 
reported by Game and Oakeshott (1989) for adult males (320 %; 1 075 ± 69 to 3 444 ± 310) 
and adult females (270 %; 210 ± 10 to 563 ± 13). 
As Table 2.2 shows, electromorph differences did not contribute significantly to the 
activity variation among lines either for larval (F s, 33 = 1.94,P > 0.05) or for pupal activity 
(F 5 46 = 1.53,P > 0.05). With the exception of the rarest and most anodal electromorphs (EST , 
6-1 and EST 6-2), Game and Oakeshott (1989) found no consistent effect of electromorph on 
adult EST 6 activity either. 
Fig. 2.1 illustrates the relationships of the line differences in larval and pupal activities 
with each other and with those for adult male and female activities. Game and Oakeshott (1989) 
found that adult male and female activities were positively correlated (albeit weakly) across 
all 42 lines (r 40 = 0.32,P < 0.05; or r 15 = 0.33, P > 0.05 in the 17 lines analysed here). Thus 
Table 2.1: Mean EST 6 activities (±se) for pre-adult stages of 17 homozygous isoallelic Est 6 lines. 
Also shown are the major and minor EST 6 electrophoretic mobility classes. n denotes the number of 
replicate cultures assayed for each line. 
MEAN ACTIVITY (ARBITRARY UNITS) OF: 
Line Major Minor First instar larvae n Two day pupae n 
electromorph electromorph 
45 T19 1 VF 1 0.(i(i (1) 0.92 ±0.15 (3) 
44 S011 VF 1 0.72 ±0.12 (2) 0.84 ±0.06 (3) 
43 R06 1 F' 2 0.70 ±0.12 (3) 0.80 ±0.16 (4) 
42 008 2 F 4 0.80 ±0.15 (3) 1.26 ±0.03 (4) 
41T202 F 4 0.98 ±0.11 (3) 0.94 ±0.10 (4) 
38 DOS 2 F 4 0.99 ±0.21 (3) 0.90 ±0.06 (4) 
36 V03 1 F s 1.13 ±0.06 (2) 0.88 ±0.14 (4) 
33 cos 2 F s 0.83 ±0.14 (4) 0.92 ±0.13 (4) 
32 L12 1 s 8 1.15 ±0.08 (3) 0.85 ±0.04 (4) 
25 LOS 1 s 8 0.78 ±0.24 (3) 0.87 ±0.06 (4) 
23 B09 2 s 8 1.23 ±0.13 (3) 0.72 ±0.13 (4) 
20 K04 2 s 8 0.95 ±0.19 (3) 1.01 +0.29 (3) 
19 XOl 2 s 8 0.93 ±0.10 (3) 0.88 ±0.18 (4) 
18M19 1 s 8 0.89 +0.25 (4) 0.84 ±0.04 (4) 
16 cos 1 s 8 0.36 ±0.04 (3) 0.42 ±0.11 (3) 
7 COl 2 s 8 0.97 ±0.09 (4) 1.20 ±0.11 (4) 
10 108 2 s 9 0.47 +0.14 (3) 0.76 ±0.09 (3) 
GRAND MEAN: 0.86 ±0.04 (50) 0.89 +0.03 (63) 
' 
-------------
Table 2.2: Mean EST 6 activity values (±se) for first instar larvae and two day pupae for each 
electromorph. Numbers of cultures assayed are in parentheses. 
Major electromorph 
Minor electromorph 
Activity of first 
instar larvae 
Activity of two 
day pupae 
EST 6-VF EST 6-F' EST6-F EST 6-S 
EST 6-1 EST 6-2 EST 6-4 EST 6-5 EST 6-8 EST 6-9 
0.70 ± 0.07 0.70 ± 0.12 0.92 ± 0.09 0.93 ± 0.11 0.91±0.070.47 ± 0.14 
(3) (3) (9) (6) (26) (3) 
0.88 ± 0.07 0.80 ± 0.16 1.04 ± 0.06 0.90 ± 0.09 0.86 ± 0.05 0.76 ± 0.09 
(6) (4) (12) (8) (30) (3) 
Figure 2.1 
Relationships among the four sets of activity variables. Data are plotted as the means and standard 
errors of the in vitro EST 6 activities of 4-5 day old virgin males and females, two day old pupae, 
and first instar larvae, for each line. Also shown are the relevant correlation coefficients with 
appropriate significance levels. Numbers on the graphs depict the first two numbers of the line name. 
Data for male and female activity are taken from Game and Oakeshott (1989). The given data and 
corresponding correlation coefficient represent a subsample of the total nwnber of lines assayed by 
these authors. 
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a positive correlation might also be expected among adult, larval and pupal EST 6 activities. 
Larval activity was positively related, albeit weakly again, with adult female activity 
(r 1s = 0.40, P = 0.06 on a one tailed test) and again positive and on the verge of statistical 
significance with pupal activity (r 15 = 0.37 ,P = 0.08 on a one tailed test). Larval and adult 
male activity were unrelated (r 15 = 0.22,P > 0.05) and pupal activity had negligible 
relationships with both adult male and female activities (r 15 = -0.16, r 15 = 0.15 respectively, 
P > 0.05 for both). 
2.3.2 Effects of pre-adult EST 6 on fitness 
Table 2.3 presents the mean development time and viability for each of the 18 lines for 
which data were available and Table 2.4 summarises the corresponding analyses of variance. 
Crowding significantly retarded development time but had no effect on viability. There was 
no interaction between crowding and lines for either measure. Highly significant variation 
among lines was seen for both measures, with development time varying by 123 % among 
lines in uncrowded cultures (13.2 ± 0.2 to 16.7 ± 0.4 days), and by 126 % in crowded cultures 
(15.0 ± 0.3 to 18.4 ± 0.6 days). Viability showed a 188 % range among line means (47.7 ± 
15.2 % to 89.7 ± 3.8 %). Development time and viability measured largely independent aspects 
of pre-adult fitness, since these measurements were not significantly correlated 
(r 1S = -0.36, P > 0.05). 
A significant proportion of the variation among lines for both development time and 
viability was explained by differences among electromorphs (Tables 2.4 and 2.5). There was 
no clear pattern to the electromorph effects for development time although there was a trend 
for faster times for the Est 6F rather than the Est 65 genotypes. For viability the major 
differences were due to the relatively lower survival of Est 68 and in particular Est 69 lines 
within the Est 65 class. 
Larval EST 6 activity had significant effects on both development time and viability 
(Table 2.4; Fig. 2.2). Lines with high larval EST 6 activity levels were likely to be more viable 
and develop faster than lines with low larval EST 6 activity. Pupal activity had no significant 
effect on-viability or development time. Relevant regression coefficients (b ± se) of the fitness 
measures on activity values are as follows: 
Table 2.3: Mean values (±se) for development time and viability for each of 18 lines. Results are 
given separately for crowded and uncrowded conditions for development time but not for viability, 
since crowding only had significant effects on development time (Table 2.4). n denotes the number 
of cultures tested for each measure. 
I:.ine 
44 SOI I 
43 R06 1 
42 008 2 
41T202 
38 DOS 2 
36 V03 1 
33 cos 2 
32 L12 1 
25 LOS 1 
23 B09 2 
20 K04 2 
19 XOl 2 
18Ml9 1 
16 cos 1 
7 COl 2 
10 108 2 
3 C142 
2Hl52 
Major Minor Development n 
e'morphe'morph time 
VF 
F' 
F 
F 
F 
F 
F 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
1 
2 
4 
4 
4 
5 
s 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
(days) 
Crowded 
cultures 
16.0 (1) 
16.0 ± 0.2 (3) 
17.1 ± 0.1 (2) 
16.1 ± 0.1 (3) 
15.3 ± 0.1 (3) 
16.1 ± 0.6 (2) 
15.9 (1) 
15.9 ± 0.4 (3) 
16.0 ± 0.5 (2) 
15.7 ± 0.1 (3) 
18.4 ± 0.6 (4) 
15.0 ± 0.3 (3) 
16.2 ± 0.5 (2) 
16.1 ± 0.2 (2) 
15.4 ± 0.4 (3) 
17.3 ± 0.0 (2) 
17.2 ± 0.9 (2) 
15.1 ± 0.2 (2) 
GRAND MEAN: 16.2 ± 0.2(43) 
Development n 
time 
(days) 
Uncrowded 
cultures 
15.2 ± 0.1 (3) 
16.1 ± 0.1 (3) 
14.2 ± 0.1 (3) 
13.2 ± 0.2 (3) 
14.3 ± 0.2 (3) 
14.3 ± 0.3 (3) 
13.7 ± 0.2 (3) 
15.6 ± 0.2 (2) 
14.6 ± 0.1 (2) 
16.4 ± 0.1 (3) 
14.1 ± 0.4 (3) 
14.6 ± 0.4 (3) 
15.2 ± 0.2 (3) 
14.6 ± 0.3 (3) 
16.7 ± 0.4 (2) 
15.4 ± 0.2 (3) 
13.6±0.1 (3) 
14.8 ± 0.1 (48) 
Viability n 
(% to emerge) 
80.0 ± 3.5 (6) 
72.5 ±11. 7 (2) 
89.7 ± 3.8 (5) 
67.4 ± 3.2 (4) 
81.1 ± 3.2 (4) 
66.2 ± 7.2 (4) 
78.9 ± 3.0 (6) 
47.7 ±15.2 (3) 
78.5 ± 2.1 (3) 
68.9 + 2. 7 (7) 
75.5 ± 2.6 (6) 
64.5 ± 8.5 (2) 
74.0 ± 3.4 (3) 
85.9 ± 2.4 (5) 
57.8 ± 4.2 (3) 
61.5 ± 5.0 (5) 
75.2 ± 2.2 (5) 
73.5 ± 1.5(73) 
Table 2.4: Analysis of variance for the effects on development time and viability due to different levels 
of crowding in cultures, different lines, and, within lines, different EST 6 electromorphs and different 
EST 6 activities; df=degrees of freedom, F=variance ratio. 
Source of variation 
Crowding 
Crowding x lines 
Lines 
EST 6 electromorph 
Larval EST 6 activityt 
Pupal EST 6 activityt 
Development time 
df F 
1, 56 153.15••• 
16, 56 1.41 
17,56 15.5s··· 
5,56 3.49•• 
l, 56 30.26··· 
1, 56 3.99 
Viability 
df F 
1, 42 0.10 
13, 42 0.44 
16,42 4.17 ... 
4,42 3.1s· 
l, 42 8.20·· 
1, 42 1.61 
tLines 2 H15 2 and 3 C14 2 were excluded from the analyses for larval and pupal EST 6 activity 
because data were unavailable for these lines. However, the activity effects were still assessed against 
the residual mean square for the total data set, since this was the most comprehensive estimate of 
within line variance. 
• •• • •• P<0.05, P<0.01, P<0.001. 
- - - - -
- - - --
- - - - - -
-- - -
- - - - -
- - - - - -
- - - - - - - -
Table 2.5: Mean values (±se) for development time (days) and viability (% to emerge) for each EST 6 
electromorph. There was no effect of crowding on viability. 
Major electromorph 
. 
Minor electromorph 
Development time 
Crowded 
Sample size 
Uncrowded 
Sample size 
Viability 
Sample size 
EST 6-VF EST 6-F' EST6-F EST 6-S 
EST6-1 
16.0 
(1) 
EST 6-2 EST 6-4 
16.0 ± 0.1 16.0 ± 0.3 
(3) (8) 
15.2 ± 0.114.5 ± 0.4 
(3) (9) 
80.8 ± 3.5 78.4 ± 4.1 
(6) (11) 
EST 6-5 EST 6-8 
16.0 ± 0.4 16.2 ± 0.3 
(3) (22) 
14.3 ± 0.2 14.8 ± 0.2 
(6) (22) 
73.7 ± 4.6 73.4 ± 2.2 
(8) (35) 
EST6-9 
16.5 ± 0.5 
(6) 
15.1 ± 0.5 
(8) 
65.9 ± 3.0 
(13) 
Figure 2.2 
Relationships among development time, viability, and the EST 6 activity of first instar larvae and two 
day pupae. Means and standard errors of the data are given. Numbers on the graphs depict the first 
two numbers of the line name. 
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As might be expected from the lack of association between EST 6 electromorph and pre-
adult activity, the effects of pre-adult activity on development time and viability were generally 
independent of the effects of electromorph. Thus the analyses shown in Table 2.4 tested for 
the individual effects of electromorph, larval activity and pupal activity without the prior 
partitioning out of the other two sources of variation. Analyses in which all three sources of 
variation were fitted sequentially in all possible combinations always showed electromorph 
and larval activity to be significant determinants of both development time and viability. For 
example, the F ratios for electromorph after the fitting of the other two determinants were 
F s, 56 = 6.40 (P < 0.001) and F 4, 42 = 2.57 (P < 0.05) for development time and viability 
respectively, while for larval activity the F values were F 1, 56 = 18.66 (P < 0.001) and 
F 1, 42 = 5.67 (P < 0.05) respectively, after the fitting of electromorph and pupal activity. The 
effect of pupal activity on viability remained negligible after partitioning out the other two 
sources of variation (F 1 42 = 0.003, P > 0.05) but its effect on development time, which had 
' . 
not been significant before partitioning out the electromorph and larval activity effects, became 
significant and positive after these effects were removed (F 1, 56 = 27 .92 ,P < 0.001). Relevant 
regression coefficients (b + se) of the two fitness measures on each of the two activity measures 
after the partitioning out of electromorph effects and the other activity measurement were as 
follows: 
Larval activity 
Pupal activity 
Viability 
19.0200 ± 9.7170 
-0.4414 ± 10.7200 
Development time 
-1.4960 ± 0.7474 
2.0100 ± 0.8213 
Gilbert (1985) reported on a preliminary analysis investigating the relationship between 
EST 6 activity and development time among six lines of D. melanogaster. No pre-adult EST 
6 activity data were available for his experiment but a significant negative relationship between 
development time and adult male EST 6 activity was detected. The present study allowed for 
a more comprehensive test of this effect. No relationship between adult male EST 6 activity 
------------------
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and pre-adult development time was evident among the 16 lines for which both measurements 
were available in this study (F 1, 56 = 2.50, P > 0.05). 
2.4 DISCUSSION 
2.4.1 EST 6 activity variation 
This study has revealed substantial heritable variation for larval and pupal EST 6 activities 
among 17 third chromosome isoallelic lines of D. melanogaster extracted from a single natural 
population. The results thus concur with those of Game and Oakeshott (1989) in so much as 
they also found substantial heritable EST 6 activity differences among these lines, in their case 
in the EST 6 activity of adults. Game and Oakeshott (1989) also found that the adult variation 
was only weakly correlated across the two sexes. Similarly I found only weak correlations 
between larval and pupal activity, and between larval activity ~d adult female activity; there 
were no significant correlations between either larval activity and adult male activity or 
between pupal activity and either of the adult measures. The picture that emerges is of largely 
independent genetic control of variation in the four measures of EST 6 activity. 
While the causes of the heritable variation in larvae and pupae are not known for certain, 
it is relevant that Game and Oakeshott (1989) found that the differences in adult males were 
due to differences in the amount of EST 6 protein and not to differences in the specific activity 
of EST 6. Game and Oakeshott (1989) concluded that the adult activity differences were due 
to either cis-acting variation in tissue specific promoter elements or trans-acting variation in 
tissue specific transcription factors binding to these elements. Game (1989) partly resolved 
this issue by demonstrating that nucleotide polymorphisms in the 5' control region of the Est 
6 locus accounted for much of the activity variation, at least in adult males. It seems reasonable 
to suggest that similar causes may apply to activity variation in larvae and pupae. It is certainly 
true that Est 6 RNA is transcribed in both early larvae and two day pupae (Oakeshott et al., 
1987). 
In the main, the tissues in which larval and pupal EST 6 are expressed are not known. 
However,1t seems likely that there are separable control elements - either temporally or tissue 
specific - because of the low correlation between larval and pupal EST 6 activity. Third instar 
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larvae are the only pre-adult stage for which tissue-specific expression of EST 6 has been 
determined. Most of the activity occurred in the haemolymph, with minute amounts in the body 
wall and imaginal discs (M. Dumancic, pers. comm.). The correlations among line means for 
larval and adult female activity may have arisen from the shared regulation of haemolymph 
expression. This should be determined, as should the tissue-specific expression of EST 6 in 
the other larval and pupal stages. 
2.4.2 Pre-adult EST 6 and fitness 
There was significant variation among the lines both in pre-adult viability and in 
development time. EST 6 effects contributed to the line differences apparent for both measures. 
Moreover independent effects arose from both EST 6 electromorph and EST 6 activity. 
Most of the EST 6 activity effect was associated with larval activity, with no consistent 
effects on either viability or development time emerging from the analyses of pupal activities. 
Larval EST 6 activity had important effects on both fitness measures. As larval EST 6 activity 
increased, viability improved and development times shortened. Since this is the first study 
examining pre-adult EST 6 variation and its' relationship with various fitness components, 
there are no precedents in the literature with which it can be compared. These results do 
however, demonstrate that selection has acted on different aspects of the EST 6 polymorphism. 
The effects of electromorph largely reflect the relatively long development times and 
relatively low viabilities of the Est 6s homozygotes (particularly EST 6-9). These data would 
thus suggest an advantage to Est 6F in both components of pre-adult fitness under these 
experimental conditions. In contrast, Gilbert (1985) found no difference in development time 
between three strains of D. melano gaster homozygous for Est 6s and three strains homozygous 
for Est 6F. However the statistical power of my study is much greater since many more lines 
were tested (five Est 6F lines and eleven Est 6s lines). 
Nevertheless it is possible that the pre-adult fitness differences I observed are just due to 
gametic disequilibrium between the Est 6F/Est 6s alleles and other, closely linked genes, and 
that it is these linked genes which are really responsible for the observed fitness differences. 
The likeliltood that this is the correct explanation is certainly reduced by the relatively large 
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number of lines (16) involved in my Est 6F versus Est 6s comparison. Even my comparison 
of EST 6-8 versus EST 6-9 within EST 6-S is based on eleven lines .. 
If it is accepted that the development time and viability differences between Est 6F and 
Est 6s are at least in part due to direct effects of the Est 6 polymorphism, then it follows that 
these two components of fitness could be involved in the frequency dependent selection 
observed by Huang et al. (1971) and Kojima and Huang (1972). My results differ from these 
earlier studies, because the fitness effects I observed were not density dependent Perhaps the 
conditions used here in the "crowded cultures" were not severe enough. 
The development time differences between Est 6F and Est 68 are also relevant in the 
context of the evidence of Cavener (1983) and Knibb et al. (1987) that development times 
under standard conditions are longer for populations collected near the equator than for 
populations collected from higher latitudes (McFarquar and Robertson, 1963; Cavener, 1983). 
Est 6F is associated with more rapid development than Est 6s. However the frequency of EST 
6-F is greatest at latitudes nearest the equator (Oakeshott et al., 1981; Anderson and Oakeshott, 
1984). Thus the direction of the difference between Est 6F and Est 68 in development time is 
opposite to that necessary to contribute to the latitudinal cline in development time. This 
contrast might suggest that the selection underlying the EST 6-F/EST 6-S cline is not wholly 
or directly related to development times. 
The obvious paradox raised by the data is that all my evidence suggests directional 
selection in favour of the EST 6-F electromorph and high EST 6 activity levels. However, the 
population from which these lines were derived exhibits a high degree of electrophoretic and 
activity polymorphism for EST 6, as do many other wild living populations. The inference is 
that countervailing effects of electrophoretic and activity differences must operate in different 
components of fitness to maintain the variation. This inference is consistent not only with the 
arguments concerning the latitudinal clines above, but also with the evidence that the major 
source of EST 6 activity is in the ejaculatory duct of the adult male. The possibility of selection 
acting on EST 6 in components of fitness concerned with adult males, and their reproduction, 
is tested i£1 the experiments described in the next two chapters. 
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2.5 SUMMARY 
A number of EST 6 isoallelic lines extracted from a single, natural population of D. 
melanogaster have been tested for pre-adult EST 6 activity levels and pre-adult development 
time and viability. 
Substantial heritable variation for larval and pupal EST 6 activity was found. Larval EST 
6 activity was related to pupal EST 6 activity and to (previously determined) adult female EST 
6 activity values. However, larval activity was unrelated to adult male EST 6 activity and pupal 
activity was not related to the EST 6 activity in either sex of adults. EST 6 electromorph had 
no effect on either larval or pupal EST 6 activity. 
Development time decreased and viability increased as the EST 6 activity of first instar 
larvae increased. In addition, the Est 6F/Est 65 polymorphism showed an independent effect 
on both fitness measurements, with Est 6F homozygotes being more viable and developing 
more quickly than Est 65 homozygotes. Within Est 65, Est 69 homozygotes in particular 
displayed diminished viability relative to the other electromorphs. 
The difference in development time between the Est 6F/Est 68 homozygotes lay in the 
opposite direction to that predicted from the latitudinal clines for development time and the 
EST 6-F/EST 6-S frequencies. This suggests that the differences in pre-adult components of 
fitness observed here are not the dominant factors contributing to the net selective effects on 
the polymorphism. Further support for this proposition is provided by the paradox that the data 
here on pre-adult viability and development time suggest directional selection in favour of Est 
6F and high EST 6 activity, whereas a high level of electromorph and activity variation is found 
for the enzyme in all the natural populations sampled so far. T-t ,s C"-C{\ ~W\TV h~ tho--t 
tre. ~v·,ronmQ.nt01\ c.,(::)mpoA~s .~pcl\s.,b\~ ~c th~ s~\~,of\ ·,1' ~ 
~ ,~Ad \)U've.- ~ y.fiLT ke-n ·,J~·,f\·Q..,J. 
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Chapter 3 EJACULATORY DUCT ESTERASE 6 AND MATING BEHAVIOUR 
3.1 INTRODUCTION 
Several studies have examined the effects of male EST 6 on the mating behaviour of virgin 
flies. Two components of mating behaviour that have been frequently analysed are mating time 
(time to the mounting of the female by the male) and copula duration (time from mounting to 
dismounting). Effects of EST 6 have been found on both mating time and copula duration, 
although the effects are more consistent for mating time. 
Considering first the work on mating time, Gilbert and Richmond (1982) observed that 
males from a line homozygous for an active Est 6 allele (from the Canton S stoc~ bearing 
the Est 65 allele) mated more rapidly than males from a line homozygous for a synthetic Est 
6 null allele. Amongst males with active Est 6 alleles, both Aslund and Rasmuson (1976) and 
Gilbert (1985) recorded faster mating times for Est 6F homozygotes than for the Est 65 
homozygotes. These latter two studies used different lines (one for each genotype in Aslund 
and Rasmuson (1976), and three for each genotype in Gilbert (1985)), and different 
experimental paradigms (Gilbert (1985), used a diallel design), which enhances the likelihood 
that the difference observed is directly attributable to the Est 6F/Est 65 polymorphism. Gilbert 
(1985) also tested for effects due to differences in levels of male EST 6 activity among the 
six lines he studied; however no significant EST 6 activity effects were detected. 
Turning to the copula duration data, Gilbert and Richmond (1982) did find that males 
from their EST 6 active line completed copulation more quickly than males from their Est 6 
null line. Aslund and Rasmuson (1976) did not include copula duration in their studies but 
Gilbert (1985) found no significant effects on copula duration due either to the Est 6F/Est 65 
difference or to EST 6 activity variation among the six lines studied. 
The null versus active comparisons of Gilbert and Richmond (1982) thus suggest that EST 
6 may play a role in both mating time and copula duration, but there is as yet little evidence 
for such effects due to the naturally occurring electrophoretic or activity variation. The major 
EST 6-F/EST 6-S electrophoretic difference may affect mating time (Aslund and Rasmuson, 
1976; Gilbert, 1985) but there are insufficient data to assess the effect of this difference on 
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copula duration and no data on the possible effects of electrophoretic variation other than the 
EST 6-F/EST 6-S difference. In respect of the naturally occurring activity variation, it cannot 
be concluded from the one study so far (Gilbert, 1985), encompassing just six lines, that there 
are no effects on mating time or copula duration. 
The aim of the work described in this chapter was to more comprehensively examine the 
effects of male EST 6 electrophoretic and activity variation on mating time and copula 
duration. This was done across all 42 of the third chromosome isoallelic lines measured for 
both EST 6 electromorph and activity phenotype described in the previous chapter, and three 
lines null for EST 6 whose origin is described below. The nulls were included to allow direct 
comparisons between my experiments and the earlier studies, since much of the previous work 
entailed comparisons of matings involving null versus active males. 
3.2 MATERIALS AND METHODS 
3.2.1 Origin of the EST 6 null strains 
The Dm 100 line was obtained by crossing a carnation eye colour (car, X-linked, 
recessive) stock without Est 6 activity (Est 6°), to a sc ec cv cf c g2.f/FM3 / 1d sc8 dm B l 
stock which did not show esterase C activity (Est c0 , Johnson et al., 1966b). Both marker 
stocks were obtained from the Mid-America Drosophila Stock Center at Bowling Green State 
University, Bowling Green, OH, USA. Strains lacking these morphological markers were 
obtained by mating F 1 females to males heterozygous for the third chromosome balancer TM3 
(Sb, Ser) and a chromosome marked with Pr (Lindsley and Grell, 1968). A standard series of 
crosses was then used on these progeny to obtain lines homozygous for a single chromosome 
(Wallace, 1968). The resultant Dm 100 line was null for botlr EST 6 and EST C. 
The 6<\)ry line arose from a cross between this Dm 100 strain and a strain bearing the 
rosy5°6 mutation (Brennan et al., 1988). The 6<\)ry line was established from appropriate 
recombinants between Est 6° and r/06 (1. Brady, pers. comm.). 
The Dm 179 line was derived from a wild type strain of D. melanogaster (Oregon R, Pi) 
which origmated in Philadelphia, USA. A null mutation for EST 6 was induced in this stock 
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by EMS mutagenesis and made homozygous by standard backcrossing procedures to the TM3 
third chromosome balancer (K. Sheehan and R.C. Richmond, pers. comm.). 
3.3.2 Experimental procedure 
Both mating time and copula duration were assessed in matings of males from the 42 set 
1 and set 2 lines (see section 2.2.1) and the three null lines, with females from a standard 
(Canton S) line. The Canton S line has an intermediate EST 6 activity, and bears the EST 6-S 
electromorph. The set l, set 2 and null lines were tested initially at 18°C for mating time and 
copula duration. The study was then extended to test for mating time effects at 25°C, again 
over all the lines. 
The first of these experiments was carried out on the set 1 and null lines as follows. Virgin 
males from each line and virgin Canton S females were collected and stored at 18°C as 
described in section 2.2.3. One day before mating, all the collected flies were aspirated into 
smaller vials (95mm x 12mm) containing 2.5 mls media, at either two males or one female 
per vial. Five pairs of males were set up in this way for each line. Vials were placed onto the 
bench in a rectangular grid pattern, with the position of the vials in the grid randomised with 
respect to niale genotype. On the morning of the test, one of the virgin females was transferred 
to each vial containing a pair of males (the males thus having a day to condition the mating 
vials before the addition of the females) and each vial was then observed for up to four hours. 
Mating time was measured as the time after pairing of the flies until the successful mounting 
of the female by a male, and copula duration as the time from mounting to dismounting. 
Subsequent to this initial experiment, further experiments on the set 1 and null lines were 
performed which incorporated one or both of the following modifications. One modification 
was to use the females to condition the mating vials instead of the males. A second 
modification was to increase the time that the flies (of either sex) were given to condition the 
mating vials from one to three days. These experiments also varied from the initial design in 
that the measurement of copula duration was discontinued. From two to six replicate trials on 
the set 1 and null lines were carried out for each of these four combinations of conditioning 
-,.-=.: 
sex and conditioning time treatments at 18°C. The initial experimental design was also repeated 
in five replicate trials on the set 2 lines. 
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Finally, some experiments using the initial experimental design (but not measuring copula 
duration) were also carried out at 25°C. Four replicate trials of this type were carried out on 
the set 1 and null lines but only one on the set 2 lines. 
Across all experiments and trials, the average frequency of vials in which no matings 
occurred within the four hour observation period was 15 %. This frequency did not vary 
significantly among lines and the data for the vials where matings did not occur were excluded 
from further analyses. 
Natural logarithmic transformations were applied to the mating time data to normalise 
its distribution. These data were then subjected to analyses of variance which considered the 
effects of three factors: namely conditioning sex, conditioning time and lines, and all the 
interactions between these three factors, as well as the factor trials, which was nested within 
;:., T'(\Q.. 
the conditioning sex x conditioning hie\ conditions, plus the interaction of trials with lines. 
As in previous analyses in chapter two, any major or interactive term involving line which 
was statistically significant was then dissected into the contribution of EST 6 differences. In 
this case EST 6 differences comprised the factor EST 6 electromorph and the variate adult 
male EST 6 activity. All the above effects were tested for significance against the replicate 
culture variance within lines and trials. 
Natural logarithmic transformations of the set 2 mating time data were analysed by similar 
analytical procedures except that no conditioning sex or conditioning time effects were 
assessed as all experiments were carried out using the original testing conditions. That is, 
transferral of the virgin females to the vials with pairs of males, after the flies had been kept 
in the vials for 24 hours. The same structure was appropriate for the analysis of the copula 
duration data from the set 1 lines, where the data had been collected in the same way. As only 
a single trial was carried out on the set 2 lines for copula duration the only factor that could 
be assessed was lines. 
Note that whenever a significant effect of either EST 6 electromorph or activity was 
detected in the primary analyses above, further analyses were then undertaken to check the 
significance of the effect after the partitioning out of the effect of activity or electromorph 
~'!::: 
respectively. 
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3.3 RESULTS 
3.3.1 Mating time at 18°C 
The mean mating times for males from the set 1, set 2 and null lines at 18°C are shown 
in Table 3.1. Consistent with the previous work of Gilbert and Richmond (1982) the null lines 
displayed relatively longer mating times than the active lines for both conditioning sexes. In 
my data however, this difference did not reach significance (where the standard deviation, 
d=l.32,P > 0.05 when the conditioning sex was male, and d=l.79, P = 0.01 when females were 
the conditioning sex). Further analyses of the mating time data in Tables 3.2 and 3.3 were 
restricted to the EST 6 active (ie. set 1 and set 2) lines only. 
Mating times were shorter when males were the conditioning sex (Table 3.3). This could 
reflect a build-up of male sex pheromones in the mating vials when they were the conditioning 
sex; alternatively it may simply indicate that the males' mating behaviour was more disrupted 
by the process of transfer to a new vial. Conditioning time did not affect the mating time, either 
as a major effect or as an interactive effect with the conditioning sex; thus any pheromonal or 
other conditioning of the vials was apparently no greater after three days rather than just one 
day of conditioning. The effect of the interaction with line was just statistically significant for 
both the conditioning sex and the conditioning time but in neither case was the interaction due 
to either EST 6 activity or electromorph differences. 
There were significant mating time differences between trials within treatments, 
presumably due to uncontrolled and unidentified differences in the physical conditions of the 
test flies or of the test environment (e.g. small differences in background noise, light or 
humidity). However there were no significant trial x line interactions, so no further dissection 
of this effect in terms of trial x EST 6 activity or trial x EST 6 electromorph was justified. 
There were highly significant differences in mating time among both the set 1 and set 2 
lines, but EST 6 differences only contributed significantly to the line variation for set 1 (Fig. 
3.1). The EST 6 effects in this set reflected independent contributions from both EST 6 activity 
and EST 6 electromorph, both being highly significant both before (Table 3.2) and after 
partitioniflg- out the contribution of the other (F 1 616 = 16.88,P<0.001 for activity and , 
Fs 616 =6.45,P<0.001 forelectromorph). I 
Table 3.1: Mean mating times (log. roin+se) of males from the set 1 lines, the set 2 lines, and the three 
null lines, at 18°C. The major and minor EST 6 electrophoretic designations for each line are also shown. 
Data are shown separately for the two conditioning sex treatments (which differed slightly in their effects 
on mating time; see Table 3.2), but are pooled across the two conditioning time treatments (between which 
there was no significant mating time difference). Data are also pooled across the different replicate 
experiments for each conditioning sex treatmeni and n is the total number of mating vials scored for each 
line in each of these treatments. 
Null lines 
6$ry 
Dm 100 
Dm 179 
GRAND MEANS: 
Mating 
time (log.) 
Conditioning 
sex: male 
3.3 ± 0.3 
3.6 ± 0.2 
2.6 ± 0.3 
3.3 ± 0.2 
n Mating n 
time (log.) 
Conditioning 
sex: female 
(28) 3.5 ± 0.2 (15) 
(27) 3.6 ± 0.4 (10) 
(9) 3.9 ± 0.3 (9) 
(64) 3.6 ± 0.2 (34) 
---- ~ 
Table 3.1 (cont.) 
Set l lines Major Minor Mating n Mating n Set 2 lines Major Minor Mating n 
e'morph e'morph time (log,) time (loge) e'morph e'morph time (loge) 
Conditioning Conditioning Conditioning 
sex: male sex: female sex: male 
44 SOI 1 VF 1 2.7 ± 0.1 (32) 3.1 ± 0.2 (15) 40 1032 F 4 2.6 ± 0.2 (18) 
43 R06 1 F' 2 2.9 ± 0.1 (27) 3.1 ± 0.3 (16) 39 E021 F 4 3.2 ± 0.2 (12) 
42 008 2 F 4 3.6 ± 0.2 (31) 3.7 ± 0.3 (10) 35 M202 F 5 2.6 ± 0.2 (20) 
41 T202 F 4 3.2 ± 0.2 (34) 4.1 ± 0.3 (15) 31 B04 l s . 8 2.8 ± 0.3 (11) 
38 D05 2 F 4 3.1 ± 0.1 (33) 3.1 ± 0.2 (18) 29 L07 l s 8 2.6 ± 0.1 (18) 
36 V03 1 F 5 3.0 ± 0.2 (30) 3.1 ± 0.2 (15) 28 B07 1 s 8 4.6 ± 0.3 (2) 
33 cos 2 F 5 3.2 ± 0.1 (35) 3.4 ± 0.2 (14) 27 BOl 2 s 8 2.6 ± 0.2 (16) 
32 L12 1 s 8 3.0 ± 0.2 (29) 3.5 ± 0.2 (17) 26 KOl 1 s 8 2.7 ± 0.2 (4) 
25 LOS 1 s 8 2.9 ± 0.2 (30) 2.6 ± 0.2 (14) 24 1022 s 8 3.0 ± 0.2 (29) 
23 B09 2 s 8 3.9 ± 0.2 (28) 4.4 ± 0.3 (17) 21 E081 s 8 2.8 ± 0.1 (34) 
20 K04 2 s 8 3.1 ± 0.2 (31) . 3.8 ± 0.2 (15) 17 C08 2 s 8 2.3 ± 0.1 (17) 
19 XOl 2 s 8 2.9 ± 0.2 (28) 3.0 ± 0.2 (11) 15 BIO 2 s 8 2.6 ± 0.1 (17) 
18 M19 1 s 8 3.4 ± 0.2 (33) 3.2 ± 0.2 (18) 14 1092 s 8 2.3 ± 0.1 (20) 
16 cos 1 s 8 3.0 ± 0.1 (33) 3.6 ± 0.2 (15) 12 1112 s 8 2.8 ± 0.1 (21) 
7 COl 2 s 8 2.7 ± 0.2 (32) 3.2 ± 0.2 (14) 9 0061 s 8 2.9 ± 0.3 (14) 
10 I08 2 s 9 3.0 ± 0.2 (26) 2.6 ± 0.2 (17) 8 GOl 1 s 8 2.6 ± 0.1 (18) 
3 C142 s 9 3.0 ± 0.2 (32) 3.7 ± 0.3 (14) 4 C081 s 8 2.8 ± 0.3 (5) 
2 H15 2 s 9 2.5 ± 0.1 (35) 2.8 ± 0.2 (17) 13 110 2 s 9 3.4 ± 0.3 (14) 
11 110 2 s 9 2.9 ± 0.1 (16) 
6 H051 s 9 2.6 ± 0.1 (23) 
5 H021 s 9 2.9 ± 0.8 (2) 
1 K092 s 9 2.7 ± 0.1 (20) 
GRAND MEANS: 3.1 ± 0.1 (559) 3.3 ± 0.1 (272) GRAND MEAN: 2.7 ± 0~·1 (351) t 
Table 3.2: Analysis of variance for effects on logarithmically transformed mating times at I8°C due 
to the conditioning flies' sex and conditioning time. Also examined are the effects on both data sets 
due to replicate trial differences, lines and, within lines, of EST 6 electtomorphs and male EST 6 
activity; df=degrees of freedom, F-variance ratio. 
Source of variation 
Conditioning sex 
Conditioning sex x line 
Conditioning sex x EST 6 electtomorph 
Conditioning sex x EST 6 activity 
Conditioning time 
Conditioning time x line 
Conditioning time x EST 6 electtomorph 
Conditioning time x EST 6 activity 
Conditioning sex x conditioning time 
Conditioning sex x conditioning time x line 
Trials within conditioning tteaunents 
Trials x line 
Lines 
EST 6 electtomorph 
EST 6 activity 
• P < 0. 0 5, ••• P < 0.001. 
Set 1 
df F 
1,616 15.66 ... 
17,616 1.86* 
5,616 0.27 
1,616 2.62 
1,616 0.16 
17,616 1.89* 
5,616 2.17 
1,616 2.10 
1,616 24.37 ... 
17,616 1.44 
8,616 8.42 ... 
135,616 1.01 
17,616 7.36··· 
5,616 7.16··· 
1,616 20.44··· 
Set2 
df F 
4,266 2.68* 
59,266 0.92 
21,266 2.s4••• 
3,266 1.49 
1,266 1.05 
Table 3.3: Mean mating times (log.mintse) for each EST 6 electromorph at 18°C. Conventions for 
nomenclature and the pooling of different conditioning treatments are as in Table 3.1. Numbers of mating 
vials are given in parentheses. 
Major electromorph 
Minor electromorph 
Set 1 lines - Conditioning 
sex: male 
Set 2 lines - Conditioning 
sex: male 
Set 1 lines - Conditioning 
sex: female 
EST 6-VF EST 6-F' EST6-F EST6-S 
EST 6-1 EST 6-2 EST 6-4 EST 6-5 EST 6-8 EST 6-9 
2.7 ± 0.1 2.9 ± 0.1 3.3 ± 0.1 3.1 ± 0.1 3.1 ± 0.1 2.8 ± 0.1 
(32) (27) (98) (65) (244) (93) 
2.8 ± 0.1 2.6 ± 0.2 2.7 ± 0.1 2.9 ± 0.1 
(30) (20) (226) (75) 
3.1 ± 0.2 3.1 ± 0.3 3.6 ± 0.2 3.2 ± 0.2 3.4 ± 0.1 3.0 ± 0.1 
(15) (16) (43) (29) (121) (48) 
Figure 3.1 
The relationship between mean mating time (log)llin ± se) and male EST 6 activity (mean± se) at 
18°C. The data for male EST 6 activity was taken from Game and Oakeshott (1989). Numbers on the 
graphs depict the first two numbers of the line name. 
A) Set 1 lines: conditioning sex male. 
B) Set I lines: conditioning sex female. 
C) Set 2 lines: conditioning sex male. 
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Mating time increased with male EST 6 activity in the set 1 lines. Game (1989) also 
reported a positive relationship between mating time and male EST 6 activity when working 
on the set 1 lines. These lines cover a much greater range of EST 6 activities than the set 2 
lines; when analysis of the set 1 lines was restricted to the same EST 6 activity range as covered 
by the set 2 lines, the EST 6 activity effect was no longer so clearly significant 
(F 1, 382 = 4.19, P < 0.05). Mating time showed a positive relationship with male EST 6 activity 
in all the ·analyses. The regression coefficients (b ± se) of male EST 6 activity on mating time 
from the various analyses are as follows: 
Data set 
Set 1 lines, all data: 
Set 1 lines, over set 2 activity range: 
Set 2 lines: 
b 
0.0025 ± 0.0006 
0.0041 ± 0.0021 
0.0019 ± 0.0019 
There was some suggestion in Fig. 3.1 that the overall activity effect in the set 1 lines 
reflected two different regressions (both positive) in two distinct subsets of the lines. This 
might suggest that other major gene effects on mating time are segregating in these lines. It 
was not clear that the set 2 lines could be subdivided into two distinct regressions, although it 
was noteworthy that line 28 B07 1 was a clear outlier, again consistent with the proposal of a 
major gene effect. 
As with EST 6 activity differences, EST 6 electromorph variation contributed 
significantly to the mating time differences among the set 1 lines but not the set 2 lines (Table 
3.3). The electromorph effects in set 1 were manifest both as differences among minor 
electromorphs within the common major classes, EST 6-F and EST 6-S, and in comparisons 
of these two major classes with the rarer major classes, EST-6-VF and EST 6-F'; on average, 
males from the rarer major classes were quicker to mate than the EST 6-F and EST 6-S males. 
Within the EST 6-F and EST 6-S classes, EST 6-5 was quicker to mate than EST 6-4, and 
EST 6-9 was quicker than EST 6-8. These differences are evident in the following tabulation, 
in which the electromorph means given in Table 3.3 are backtransformed to give the following 
Values in min: 
Major electromorph 
Minor electromorph 
Set 1 lines - Conditioning 
sex: male 
Set 1 lines - Conditioning 
sex: female 
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EST 6-VF EST 6-F' EST6-F EST 6-S 
EST 6-1 EST 6-2 EST 6-4 EST 6-5 EST 6-8 EST 6-9 
15 18 27 22 22 16.5 
22 22 37 24.5 30 20 
The lack of significant electromorph effects in the set 2 lines is probably largely due to 
the reduced range of electromorphs included in this set; there were no EST 6-VF and EST 
6-F' lines in set 2, and most of the lines were actually from EST 6-8 within the major EST 
6-S class. The only difference among electromorphs evident in the set 1 lines which was also 
apparent in the set 2 lines was the slower mating time of EST 6-4 as compared to EST 6-5 
within the major EST 6-F class. 
One electromorph effect not seen in my data for either the set 1 or set 2 lines was the 
faster mating times of males from the major EST 6-F lines compared to those from the major 
EST 6-S lines. Such an effect had been reported in previous studies (Aslund and Rasmuson, 
1976; Gilbert, 1985), although on far fewer lines (see section 3.1). 
3.3.2 Mating time at 25°C 
Table 3.4 presents the mean mating times at 25°C for the set l, set 2 and null lines. Mean 
-
mating times at 25°C were faster than at 18°C (compare with Table 3.1), as has been previously 
observed (Gilbert and Richmond, 1982). In my data mean mating times were 19 and 12 mins 
at 25°C and 18 and 15.5 mins at 18°C for the set 1 and set 2 lines respectively. There were 
no differences in the mating times of the null and active lines (d=0.14, P > 0.05). Table 3.5 
summarises the analyses of variance on the 25°C mating time data for the set 1 and set 2 lines. 
For the set 1 lines the analyses also test for differences between replicate trials and for effects 
of the interaction between replicate trials and lines. 
Table 3.4: Mean mating times (log.min±se) of males from the set 1 lines, the set 2 lines, and the three 
null lines, at 25°C. Conventions for nomenclature are as in Table 3.1. However in this case only males 
were the conditioning sex and the conditioning time was for one day only. 
Set 1 Major Minor 
lines - e'morph e'morph 
44 SOI I VF 1 
43 R06 1 F' 2 
42008 2 F 4 
41T202 F 4 
38 DOS 2 F 4 
36 V03 1 F 5 
33 cos 2 F 5 
32 Ll2 l s 8 
25 LOS 1 s 8 
23 B09 2 s 8 
20K042 s 8 
19 XOl 2 s 8 
18Ml9 1 s 8 
16 cos 1 s 8 
7 COl 2 s 8 
10 I08 2 s 9 
3 Cl42 s 9 
2Hl52 s 9 
GRAND MEAN 
Null lines 
6~ry 
Dm 100 
Dm 179 
GRAND MEAN 
Mating n Set2 Major Minor 
time lines e'morph e 'morph 
2.4 ± 0.2 (14) 40 J03 2 F 4 
2.7 ± 0.4 (11) 39 E02 1 F 4 
3.2 ± 0.2 (16) 35M202 F 5 
3.4 ± 0.3 (16) 31B041 s 8 
3.1 ± 0.4 (10) 29 L07 1 s 8 
2.2 ± 0.3 (15) 27 BOl 2 s 8 
2.9 ± 0.2 (14) 26 KOl 1 s 8 
3.2 ± 0.4 (9) 24 I02 2 s 8 
3.0 ± 0.3 ( 16) 21E081 s 8 
3.8±0.2 (14) 17 cos 2 s 8 
2.5 ± 0.2 (14) 14 J09 2 s 8 
3.1 ± 0.4 (11) 12 Ill 2 s 8 
3.1 ± 0.2 (18) 90061 s 8 
2.9 ± 0.3 (11) 8 GOI l S · 8 
2.9 ± 0.4 (12) 4C081 s 8 
2.8 ± 0.3 ( 17) 13 JlO 2 s 9 
3.0 ± 0.3 (16) 11 no 2 s 9 
2.5 ± 0.1 (13) 6H05 l s 9 
5H02 l s 9 
2.9 ± 0.1(247) GRAND MEAN 
3.5 ± 0.3 (14) 
2.8 ± 0.4 (10) 
2.5 ± 0.3 (12) 
3.0 ± 0.2 (36) 
Mating n 
time 
2.4 ± 0.4 (4) 
2.3 ± 0.5 (5) 
1.7 ± 0.6 (4) 
2.4 ± 0.2 (5) 
1.~ (1) 
3.0 ± 0.2 (4) 
2.6 ± 0.1 (4) 
2.1 ± 0.0 (1) 
2.9 ± 0.3 (4) 
2.3 ± 0.3 (4) 
2.4 ± 0.5 (4) 
3.7 ± 0.8 (3) 
1.6 + 0.5 (2) 
1.6 ± 0.0 (5) 
2.6 ± 0.5 (5) 
2.5 ± 0.2 (4) 
3.2 (1) 
2.8 (]) 
1.6 (1) 
2.5 ± 0.1 (62) 
Table 3.5: Analysis of variance for effects on logarithmically transfonned mating times at 25°C due 
to variation among lines, and, where the line variation was significan~ due to male EST 6 electromorph 
and EST 6 activity. Males were the conditioning sex. Effects due to replicate trial differences are also 
examined in the set 1 analyses; df=degrees of freedom, F=variance ratio. 
Set 1 Source of variation Set 2 
Trial 
Trial x lines 
Lines 
EST 6 electromorph 
EST 6 activity 
• P <0.05. 
df 
3,177 
49,177 
17,177 
5,177 
1, 177 
F df F 
0.77 
1.13 
2.03* 18,43 1.09 
3.01· 
0.90 
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There were no significant mating time differences between replicate trials nor were there 
any significant interactions between trials and the line variation in the set 1 lines. There were 
significant differences in mating time among the set 1 but not among the set 2 lines, and the 
variation in the set 1 lines was at least partly due to significant effects of the EST 6 
electromorphs. The electromorph effects were essentially similar to those apparent at 18°C 
(Tables 3.3 and 3.6). In particular it was noteworthy that the slower mating time of EST 6-4 
as compared to EST 6-5 observed at 18°C recurred in the 25°C data for both sets of lines (even 
though there had been no significant overall electromorph effect in the set 2 data). 
In contrast to the l 8°C data, there was no significant effect of EST 6 activity on the 
variation among the set 1 lines at 25°C. Less data were collected at 25°C than at 18°C, so 
there was less power to detect statistically significant effects in the 25°C data. Nevertheless 
the regression of mating time on activity in the 25°C data was still positive (+0.0012 ± 0.0013), 
as it had been for the 18°C data ( +0.0025 ± 0.0006). 
3.3.3 Copula duration 
Table 3.7 contains the mean copula durations for the set l, set 2 and null lines. There 
was no overall difference in copula duration between the null and active lines ( d=0.21, 
P > 0.05) although Gilbert and Richmond (1982) had reported that nulls had longer copula 
durations. 
A summary of the analyses of variance for the effects of replicate trial, line, EST 6 
activity, and EST 6 electromorphs for the set 1 and set 2 data is contained in Table 3. 8. There 
were no significant differences in copula duration among trials but there were significant trial 
x line interactive effects in both the set 1 and set 2 data. In neither case however did this 
interaction include significant trial x EST 6 electromorph or trial x EST 6 activity components. 
There were highly significant differences in copula duration among lines in both data sets 
and these differences were positively correlated with those in mating time, albeit not quite 
significantly (r 35 = 0.32; P::::: 0.06). EST 6 contributed to the line variation in copula duration 
for both sets of lines but there was little consistency across the two data sets in terms of the 
nature of llie contribution. 
Table 3.6: Mean mating times (log.min±se) for each EST 6 electtomorph at 25°C. Conventions for 
nomenclature are as in Table 3.4. 
Major electtomorph 
Minor electromorph 
Set 1 lines - Conditioning 
sex: male 
Set 2 lines - Conditioning 
sex: male 
EST 6-VF EST 6-F' EST6-F/ EST 6-S 
EST 6-1 EST 6-2 EST 6-4 EST 6-5 EST 6-8 EST 6-9 
2.4 ± 0.2 2.7 ± 0.4 3.2 ± 0.2 2.5 ± 0.2 3.1 ± 0.1 2.8 ± 0.1 
(14) (11) (42) (29) (105) (46) 
2.4 ± 0.3 1.7 ± 0.6 2.6 ± 0.1 2.3 ± 0.2 
(9) (4) (42) (7) 
Table 3.7: Mean copula durations (min±se) of males from the set 1 lines, the set 2 lines, and the three 
null lines, at 18°C. Conventions for nomenclature follow those for Table 3.1. 
Set 1 Major Minor 
lines e'morph e'morph 
44 SOI 1 VF 1 
43 R06 1 F' 2 
420082 F 4 
41T202 F 4 
38 DOS 2 F 4 
36 V03 1 F s 
33 cos 2 F s 
32 Ll2 1 s 8 
25 LOS 1 s 8 
23 B09 2 s 8 
20 K04 2 s ·8 
19 XOl 2 s 8 
18Ml9 1 s 8 
16 cos 1 s 8 
7 COl 2 s 8 
10 108 2 s 9 
3 CI42 s 9 
2Hl52 s 9 
GRAND MEAN 
Null lines 
6~ry 
Dm 100 
Dm 179 
GRAND MEAN 
Copula n Set 2 Major Minor 
duration lines e'morphe'morph 
33.9 ± 1.7 (16) 40 J03 2 F 4 
26.8 ± 1.0 (22) 39 E02 1 F 4 
21.0 ± 0.8 (22) 35M202 F s 
31.7 ± 0.6 (9) 31B041 s 8 
30.7 ± 2.0 (18) 29 L07 1 s 8 
30.8 ± 1.7 (16) 27 BOl 2 s 8 
31.4 ± 1.5 ( 16) 24 102 2 s 8 
27.6 ± 1.2 (14) 21E081 s 8 
35.7 ± 1.6 (14) 17 cos 2 s 8 
34.1 ± 1.6 (16) 15 BlO 2 s 8 
26.7 ± 0.9 (23) 14 J09 2 s 8 
23.6 ± 1.5 (16) 12 Ill 2 s 8 
32.5 ± 1.1 (13) 90061 s 8 
25.3 ± 1.5 (18) 8 0011 s 8 
31.5 ± 1.8 (13) 4 C081 s 8 
33.6 ± 1.3 (20) 13 JlO 2 s 9 
30.1 ± 1.8 (13) 11 110 2 s 9 
31.3 ± 1.8 (19) 6H051 s 9 
1K092 s 9 
29.5 ± 0.4(298) GRAND MEAN 
32.0 ± 2.0 (3) 
23.8 ± 9.1 (5) 
36.5 ± 8.6 (4) 
30.0 ± 2.7 (11) 
Copula n 
duration 
27.2 ± 1.8 (12) 
26.0 ± 2.2 (9) 
26.8 ± 1.1 (16) 
30.6 ± 1.3 (9) 
29.7 ± 1.5 (13) 
31.3 ± 2.1 (11) 
23.4 ± 1.0 (25) 
29.7 ± 1.4 (27) 
18.4 ± 1.4 (12) 
23.7 ± 1.3 (12) 
17 .1 ± 1.2 ( 15) 
25.7 ± 1.4 (15) 
27.2 ± 1.3 (8) 
23.8 ± 1.0 (13) 
23.3 ± 3.0 (3) 
27.3 ± 3.0 (9) 
19.5 ± 1.9 (12) 
27.2 ± 2.2 (18) 
23.4 ± 1.4 (16) 
25.4 ± 0.4(255) 
Table 3.8: Analysis of variance for the effects on copula duration at 18°C due to replicate trials, lines 
an~ within lines, of male EST 6 electromorph and EST 6 activity; df=degrees of freedom, F=variance 
ratio. 
Source of variation 
Trial 
Trial x lines 
Trial x EST 6 electromorph 
Trial x EST 6 activity 
Lines 
EST 6 electromorph 
EST 6 activity 
• •• • •• P<0.05, P<0.01, P<0.001. 
Set 1 
df 
4,212 
64,212 
20,212 
4,212 
17,212 
5,212 
1,212 
Set2 
F df F 
1.95 3,191 0.86 
1.54. 42,191 1.80 .. 
1.34 8, 191 0.71 
1.99 3, 191 1.69 
9.02··· 18, 191 7.36··· 
8.36··· 3,191 1.35 
0.26 1, 191 12.41 ••• 
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Considering first the contribution of EST 6 activity to copula duration differences, no 
effect of activity was apparent in the set I lines but a significant positive relationship between 
activity and copula duration was detected in the set 2 lines (Table 3.8, Fig. 3.2). The 
discrepancy between the two data sets cannot be attributed to differences in the power of the 
respective analyses, because the set 1 data set was of comparable size and covered a greater 
range of activity values than the set 2 data. However, it is noteworthy that even the set 2 effect 
was relatively small (explaining only 9 % of the between line effect) and was reduced to non-
significance by the removal of a single line (17 COS 2) from the analyses 
(F 1,1 84 = 3.30, P > 0.05). Thus, the overall picture that emerges is that any effect of male EST 
6 activity on copula duration is small at best. 
There were significant effects of EST 6 electromorphs on copula duration in the set 1 
lines. As with the mating time data, there were no clear differences between the common major 
EST 6-F and EST 6-S classes but differences were evident between the minor mobility forms 
within the EST 6-F and EST 6-S classes (Table 3.9). Also, the rare major variant EST 6-VF 
was again an outlier, having much longer copula durations. However, in the set 2 data the 
differences among electromorphs were neither statistically significant nor consistent in their 
pattern with the set 1 data. Significantly however, the EST 6-VF electromorph did not occur 
in the set 2 lines. So, as for EST 6 activity, (with the possible exception of EST 6-VF), the 
contribution of EST 6 electromorph differences to between line variation in copula duration 
is small at best. 
3.4 DISCUSSION 
3.4.1 Mating time 
High and heritable variation among the lines for mating time has been demonstrated. 
These findings concur with those from earlier studies although this study does not identify 
which components of courtship mediate the change in mating time. 
Manning (1967) proposed that courtship in Drosophila is best regarded as the means by 
which a male provides a female with a stream of stimuli whose effects sum.mate, finally 
reaching a critical level upon which she accepts him. Manning also emphasised that mating 
Figure 3.2 
The relationship between mean copula duration (min± se) and male EST 6 activity (mean± se) at 
18°C. The data for male EST 6 activity was taken from Game and Oakeshott (1989). Nwnbers on the 
graphs depict the first two numbers of the line name. 
A) Set 1 lines. 
B) Set 2 lines. 
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Table 3.9: Mean copula dmat:ions (mins. ±se) for each EST 6 electromorph at 18°C. Conventions for 
nomenclature are as in Table 3.1. 
Major electtomorph EST6-VF EST 6-F' EST6-F EST6-S 
Minor electromorph EST6-1 EST6-2 EST6-4 EST6-5 EST6-8 EST 6-9 
Set 1 lines 33.9 ± 1.7 26.8 ± 1.0 26.5 ± 1.1 31.1 ± 1.1 29.2 ± 0.6 31.9·± 0.9 
(16) (22) (49) (32) (127) (52) 
Set 2 lines 26.7 ± 1.4 26.8 ± 1.1 25.4 ± 0.5 24.4 ± 1.1 
(21) (16) (163) (55) 
Both set 1 + set 2 lines 33.9 ± 1.7 26.8 ± 1.0 26.6 ± 0.9 29.7 ± 0.9 27.1 ± 0.4 26.8 ± 1.0 
(16) (22) (70) (48) (290) (107) 
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time is the net outcome of the complex interaction of several factors and so can be altered via 
several different routes. Certainly in a series of experiments selecting for increased and 
decre~ed mating speeds in D. melanogaster, Manning (1961, 1963, 1968) observed not only 
changes in sexual activity but also separable changes in the "general activity" of the flies. In 
a study of D. melanogaster derived from an African population, Veuille and Mazeau (1988) 
observed that females had very little effect on the first stages of courtship. Males contributed 
mainly to the variation at the beginning of courtship and this variation then determined their 
eventual mating time. 
Like Gilbert and Richmond (1982), I found that males with active EST 6 were quicker 
to mate at 18 °C than were males null for EST 6. However, my finding that high male EST 6 
activity was associated with lengthened mating times over a naturally occurring range of EST 
6 activity variation (at least in the set 1 lines) contrasts with the work of Gilbert (1985) who 
did not observe an association between EST 6 activity and mating time among six EST 6 active 
lines that differed in EST 6 activity levels. However, perhaps it is not surprising that Gilbert 
did not find an effect since he only tested six lines. While high EST 6 activity leads to longer 
mating times, the paradox that remains in my data is that null lines also display relatively longer 
mating times. Perhaps this reflects differences between qualitative variation between EST 6 
nulls and actives, and quantitative comparisons among EST 6 active lines. 
The effect of male EST 6 activity on mating time that I observed among the active lines 
at 18°C did not recur at 25°C and neither did the difference in mating times between the null 
and active lines. While it is acknowledged that the statistical power of the test was reduced at 
25°C (because the data set was much smaller, Tables 3.2 and 3.5), it is important to note that 
25°C is a near optimal temperature for D. melanogaster (Ashbumer and Thompson, 1978). 
This was reflected in the faster mating times at this temperature. This suggests that any effects 
on mating time associated with EST 6 may be more prevalent at suboptimal temperatures. 
Overall, the data from both my sets of lines and at both temperatures suggest that there 
are no consistent differences between the EST 6-F and EST 6-S classes. Thus I do not confirm 
the faster mating times of males from the major EST 6-F class over males from the major EST 
-= 
0 
6-S class originally reported by Aslund and Rasmuson (1976) and Gilbert (1985). Since the 
present study looked at many more lines from both classes it is considered to be the more 
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definitive. It is also of interest that within the major EST 6-F class I did find that males of the 
minor variant EST 6-5 mated consistently faster than those of the minor variant EST 6-4 in 
both sets of lines and at both temperatures. Thus the discrepancy between my results and the 
earlier studies may reflect their use of EST 6-5 rather than EST 6-4 variants to represent the 
major EST 6-F class. 
The other electromorph effect I detected was faster mating times for the uncommon major 
electromorph EST 6-VF. This effect was consistent at both temperatures b:tit it is important to 
note that there was only one EST 6-VF line among the set 1 lines and none in the set 2 lines. 
Therefore this result remains equivocal as to whether the difference is due to the EST 6 locus 
or not. 
EST 6 variation might affect mating time either by directly influencing some component 
of the male's behaviour or by affecting his pheromonal profile. If the substrate of EST 6 was 
a prohormone, then, after being activated by EST 6, it could affect the male's libido via a 
neurological target. Alternatively, many Drosophila pheromones are esters of long-chain 
hydrocarbons (Jackson et al., 1981) and Gilbe~ and Richmond (1982) suggested that EST 6 
may influence mating times by affecting either the production or degradation of these 
pheromones. 
Antiaphrodisiac pheromones which inhibit male courtship would thus affect mating time. 
During matings of D. melanogaster, males transfer compounds which can cause a decrease in 
the attractiveness of the female (Tompkins and Hall, 1981; Scott et al., 1988). The most 
abundant hydrocarbon of the male's cuticle is the pheromone cis-7-tricosene; this possesses 
distinct antiaphrodisiac properties (Scott, 1986b) which inhibits courtship by other males. Scott 
(1986b) suggested that this may form part of a multicomponent system with other lesser 
tricosenes in which a male's courtship is inhibited by another male's tricosenes but not by his 
own. Since pairs of males were used in my experiments, males may have suffered some degree 
of courtship inhibition from exposure to another male's tricosenes. However Gilbert and 
Richmond (1982) used single males so this would not explain their results. On the other hand 
it could h~ve contributed to the behaviour Aslund and Rasmuson (1976) observed since they 
gathered their mating time data from sexual competition tests in which about 100 virgin flies 
were placed in a mating chamber and from which copulating pairs were removed. 
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It has been suggested that the different EST 6 genotypes may produce different cuticular 
hydrocarbons (R.C. Richmond, pers. comm.). Thus there may be a link between EST 6 
genotype and differing quantities of antiaphrodisiacs and their consequent effects on male 
behaviour. Olfactory stimuli also play an important role in female receptivity (Markow, 1987), 
so females may respond directly to the effect of EST 6 on cuticular hydrocarbons. 
In these experiments pheromonal effects would have been enhanced by the use of small 
mating vials. It seems likely that antiaphrodisiacs are more inhibitory when males and females 
are kept in small chambers (Ewing and Ewing, 1987). In the wild, the environment in which 
D. melanogaster lives is highly variable, with the potential for many microecological niches 
in rotting fruit (Parsons and McKenzie, 1972). Thus a local build up of pheromone can occur. 
Male mating success is an important component of fitness in D. melanogaster in the 
laboratory and can be a major source of fitness variation between individuals (Prout, 1971; 
Bundgaard and Christiansen, 1972; Brittnacher, 1981; Sharp, 1984; Partridge et al., 1985). 
While males with different EST 6 genotypes have not been tested in direct competition with 
each other in these experiments, the longer mating times of high EST 6 activity males in the 
set 1 lines at 18 °C at least suggests a disadvantage to these males in terms of competing to 
secure a mate first. This has consequences in view of the fact that a typical female becomes 
refractory to a subsequent mating for several days after a fertile mating (Manning, 1962; 
Manning, 1967; Gromko et al., 1984b), although a minority will remate within two hours 
(Manning, 1962; Lefevre and Jonsson, 1962; Faugeres et al., 1971). Finally, mating time seems 
to be directly related to male sexual vigor and fitness in such a way that the faster mating males 
produce more offspring (Fulker, 1966; Petit et al., 1980). 
Thus an apparent disadvantage to males bearing high levels of EST 6 activity has been 
found (as was predicted in chapter 2). While the pre-adult components of fitness examined in 
the previous chapter favoured high EST 6 activity, a component of fitness has now been found 
which favours males with lower levels of EST 6 activity. Thus the evidence no longer suggests 
directional selection in favour of high EST 6 activities. On the other hand a paradox remains 
with resp(;,ft to electromorph differences. The previous chapter demonstrated an advantage to 
EST 6-F over EST 6-S for development time and viability. Here I find that the same might 
apply for at least one minor variant within EST 6-F for mating time. Clearly the countervailing 
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advantages to EST 6-S necessary to maintain the EST 6-F/EST 6-S polymorphism must lie in 
other fitness components. More fitness components will be tested in the next chapter. 
Male body size shows a good positive correlation with mating success inD. melanoga.ster 
under both laboratory and field conditions (Ewing, 1961; Ewing, 1964; Ewing, 1978; Partridge 
and Farquhar, 1983; Partridge et al., 1987b). Larger males court females more actively, 
produce more courtship song, and sing more loudly than smaller males (Partridge et al., 1987a; 
Partridge et al., 1987b). When tested singly with virgin females, larger males mate more 
quickly than smaller ones (Partridge and Farquhar, 1983). While body size in D. melanogaster 
may be affected by a range of environmental factors like temperature, larval nutrition and larval 
crowding (Atkinson, 1979; Ewing, 1978; Robertson, 1959), it is also a heritable trait under 
laboratory conditions (Robertson and Reeve, 1952). Even though there is no a priori 
physiological reason to think that EST 6 would affect male body size, a logical follow-up 
experiment from this work would be to determine if part of the variation seen for mating times 
between these lines can be explained by variation in body size. 
3.4.2 Copula duration 
Copula duration varies between strains in D. melanogaster but typically lasts from 15 to 
25 minutes (Hildreth, 1962; Hosgood and Parsons, 1965; MacBean and Parsons, 1966). 
Significant heritability for copula duration has been shown (Gromko, 1987). In a comparison 
of single lines either homozygous for the Est 65 or Est 6° (null) allele, Gilbert and Richmond 
(1982) reported that Est 65 males copulated on average for five minutes less than null males 
at 18°C. EST 6 gets transferred in the ejaculate before the start of sperm transfer. It is then 
thought to increase spenn motility which helps in sperm transfer, storage and use (Gilbert, 
1981b; Gilbert et al., 1981b; Gilbert and Richmond, 1982). Gilbert and Richmond (1982) 
proposed that the presence of EST 6 hastens the transfer of sperm from the male to the female 
during mating, especially at colder temperatures. Thus the longer copulations observed among 
the null males could have been a male behavioural response to compensate for retarded 
ejaculate transfer. I tested three different lines null for the EST 6 protein. On average the null 
lines copulated for the same amount of time as those lines with active EST 6. Thus my results 
do not agree with Gilbert and Richmond's (1982) findings. 
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There was no consistent relationship between EST 6 activity and copula duration in my 
data either between the null and active lines or over a naturally occurring range of EST 6 
activity. Gilbert (1985) did not find a significant correlation between copula duration and male 
EST 6 activity within the normal activity range either. It is concluded that EST 6 activity has 
little or no effect on copula duration. 
More data are needed before it is possible to say whether there are real differences in 
copula duration for the EST 6-VF and EST 6-F' electromorphs, although the EST 6-VF lines 
that were scored did have relatively large copula durations. However the body of data I have 
for the common major EST 6-F and EST 6-S classes is sufficient to suggest that there are no 
large and consistent differences between these classes. These results are in agreement with 
those of Gilbert (1985) who, on testing three lines for each of EST 6-F and EST 6-S, found 
no difference between the classes with respect to copula duration. 
After considering the results with regard to both activity and electromorphs, the obvious 
conclusion is that under normal circumstances EST 6 does not influence copula duration. My 
data suggest that the hypothesis of Gilbert and Richmond ( 1982) in which EST 6 is proposed 
to hasten the transfer of sperm at the time of mating, does not apply within the range of activity 
variation found in natural populations. 
3.S SUMMARY 
The time males take to mate at both 18°C and 25°C shows substantial heritable variation 
and the EST 6 polymorphism contributes to this heritability. EST 6 activity was positively 
related to male mating times, at least at 18°C and when set 1 males covering a wide range of 
EST 6 activities within the active range were analysed. Paradoxically, EST 6 null males, like 
the very high activity males, also showed longer mating times. Ways in which EST 6 could 
influence mating times include directly altering the male's behaviour or his pheromonal profile. 
No consistent differences in mating time between the common major EST 6-F and EST 6-S 
classes were found at either 18°C or 25°C. However males from one of the rarer major EST 6 
classes, EST 6-VF, were found to mate relatively rapidly, and, within the common major EST 
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6-F class, males of the minor variant EST 6-5 mated consistently more quickly than those from 
the minor variant EST 6-4. 
The effect of male genotype on copula duration was also tested at l 8°C. No relationship 
between male EST 6 activity or between null and active Est 6 lines and copula duration were 
observed. The only difference in copula duration apparent among the six EST 6 electromorphs 
tested was the relatively long copula duration of the major EST 6-VF form. 
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Chapter 4 EJACULATORY DUCT ESTERASE 6, SPERM UTILISATION, AND 
FEMALE REPRODUCTION 
4.1 INTRODUCTION 
The precise physiological reasons for an effect of EST 6 on pre-adult fitness and, to a 
lesser extent mating behaviour, remain poorly understood. However, there are sound a priori 
physiological reasons for expecting male EST 6 to affect sperm use and production of progeny 
by mated females. This is because the enzyme is concentrated in the male anterior ejaculatory 
duct and transferred to the female during copulation (Stein et al., 1984; Meikle et al., 1990). 
Thus much of the work on EST 6 has focussed on the effects of the male enzyme type on female 
reproduction. A review on the general physiology of EST 6 and its effects on reproductive 
behaviour was given in section 1.6.4. Here I review in more detail the experiments which have 
specifically addressed the question of the effects of differences in EST 6 activity and 
electromorph on reproductive fitness. 
Indirect evidence that EST 6 affects sperm use has come from experiments investigating 
the loss of receptivity to mating in previously mated females. This loss of libido has two 
distinct components (Gromko et al., 1984a). First, in the 12 hours after a mating, remating is 
inhibited by a "copulation" effect, due to either physiological or behavioural factors associated 
with the process of copulation. Second, there is a "sperm" effect which initially becomes 
apparent eight to ten hours after mating. This effect increases in magnitude until 24 hours after 
mating, at which point the female is completely unreceptive (Scott, 1987). This sperm effect 
continues for several days until the female's supply of stored sperm is at least partly depleted. 
EST 6 influences both components (Game, 1989). Ho~ever, my focus will be on the 
sperm effect. Inhibition to remating is directly related to the amount of sperm stored in the 
female's ventral receptacle (Gromko et al., 1984a; Gromko and Newport, 1988). In a 
comparison of remating times of females inseminated by males homozygous for either the Est 
68 or Est 6° allele, Gilbert et al. (1981a) found that females were more likely to remate two 
to three days after an initial mating when the ejaculate of the initial male contained active EST 
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6, suggesting that females receiving active EST 6 deplete their sperm stores faster than females 
that do not receive active EST 6. 
Gilbert et al. (1981 b) confirmed this result by comparing sperm numbers in females mated 
to males homozygous for either the Est 6s or Est 6° allele. During the first six days after 
mating, females mated to males with active EST 6 did indeed release sperm from their sperm 
storage organs at a faster rate than females that did not receive any active EST 6. Gilbert 
(1981b) then tested for the effects of EST 6 on sperm use over a range of EST 6 activities. 
Males from two lines homozygous for the Est 6s allele which differed in EST 6 activity and 
from one EST 6 null line were used in these experiments. Sperm counts were made on females 
mated to these three types of males from five minutes to 50 hours after the start of copulation. 
Females inseminated by males from the two EST 6 active lines released sperm from their 
ventral receptacle at a rate of 100-17 5 sperm/day, while females mated to males null for EST 
6 released sperm at a rate of 50-100 sperm/day. There was also a trend for greater sperm 
release in females mated to males from the Est 6s line with the higher EST 6 activity than in 
those mated to males from the other Est 68 line, but this difference just failed to reach statistical 
significance. 
In view of the effects of male donated EST 6 oh the pattern of sperm use in females, one 
might expect an effect of EST 6 on progeny production, at least in cases where females are 
not given the opportunity to remate. An effect of EST 6 on progeny production has indeed 
been found and this was also temperature dependent At 25°C there was no difference in the 
productivity of females mated once to Est 68 /Est 68 or Est 6° /Est 6° males (see also Gilbert 
et al., 1981b). However at 18°C, females mated to Est 6s/Est 68 males produced 35% more 
progeny over their entire reproductive lifespan than those mated to Est 6° /Est 6° males (Gilbert 
and Richmond, 1982). 
In a slightly different experiment Gilbert et al. (1981a) compared the effect of male EST 
6 genotype (either Est 68/Est 68 or Est 6°/Est 6°) on the number of progeny (to eclose) 
produced by a standard female type before remating. Flies were kept either at room temperature 
( 18°C to 25°C) or at a constant temperature of 25°C. Regardless of the male's genotype, the 
females produced the same number of eggs on a daily basis and showed comparable levels of 
fertility. However, the absence of an effect in the flies kept at 18°C-25°C may also have been 
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due to the temperature (Gilbert and Richmond, 1982), or to the much shorter time span (an 
average of 3.2 days post-mating) over which the progeny comparisons were based. 
Birley and Beardmore (1977) compared the fecundity resulting from individual matings 
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amongst Est 6F/Est 6F homozygotes with those among Est 65/Est 65 homozygotes. No 
difference in fecundity between the two types of matings was observed. This may reflect the 
lack of a difference between the EST 6-F and EST 6-S allozymes in progeny production. 
However, the females laid their eggs at25°C and, in light of the results of Gilbert etal. (1981a), 
Gilbert et al. (1981b) and Gilbert and Richmond (1982), no difference in progeny production 
may be detectable at this temperature. Kortier and Gromko (1986) also investigated the effects 
of EST 6 allozymes on progeny production, using ten lines homozygous for Est 6F and ten 
lines homozygous for Est 68• There was no effect of male genotype on progeny production, 
nor any interaction between the male and female genotypes. However homozygous Est 6F 
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females produced~; !I I !!l88 !I. more progeny than the Est 6s females. Progeny were reared 
at 23°C. The authors acknowledged the limitations of the chain cross, which they had used in 
an attempt to eliminate the effects of linkage disequilibrium, and restricted their conclusion 
to an effect on fecundity from the region of chromosome marked by Est 6. Some effect of the 
female's own EST 6 on her fecundity might be expected, given that virgin females already 
have some EST 6 in their reproductive tract (see section 1.6.4). However the magnitude of 
the observed difference between EST 6-F and EST 6-S seems very large to be solely 
attributable to one polymorphism. 
In summary, the work investigating the influence of the male's genotype on female 
productivity and sperm use has generally been limited to comparisons of null versus active 
alleles (mostly restricted to Est 65). The exceptions have been the sperm use study of Gilbert 
(1981b), where two different levels of EST 6 activities among-the Est 65/Est 65 genotypes were 
compared, and the work of Birley and Beardmore (1977) and Kortier and Gromko (1986), on 
the effects of the major EST 6-F/EST 6-S polymorphism. Therefore the present study has been 
designed to provide more comprehensive data on the effects of both paternal EST 6 
electromorph and activity on egg production, fertility and sperm use in matings to females from 
a standard (Canton S) line. Since much of the earlier work on these topics involved 
comparisons between null flies with those bearing active EST 6 (Gilbert, 1981 b; Gilbert et 
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al., 198 lb; Gilbert and Richmond, 1982), the null lines described in section 3.2 were also 
included in the present study. 
4.2 MATERIALS AND METHODS 
4.2.1 Egg production and fertility 
Both the number of eggs laid and the number of first instar larvae to hatch were assessed 
in matings by males from the set 1 and null lines with females from the standard (Canton S) 
line. These two parameters were estimated at both l 8°C and 25°C. Two replicate trials were 
carried out at 18°C and two at 25°C. 
For trials at each temperature, virgin flies of both sexes were collected and stored at 20 
± 1 °C as described in section 2.2.3. The day before the matings, all the collected flies were 
aspirated into smaller vials (95mm x 12mm) containing 2.5 mls media, either as pairs of males 
or as single females. Five pairs of males were set up in this way for each line. 
On the morning of each trial single virgin Canton S females were aspirated into vials 
containing pairs of males. The room temperature was 20 ± 1 °C. Vials were placed onto the 
bench in a rectangular grid pattern, with the position of vials in the grid randomised with 
respect to male genotype. Vials were then observed for up to four hours. Less than ten minutes 
after the end of each copulation, the female was removed from the males, to prevent her 
remating, and aspirated into a larger vial (80mm x 25mm) without any media in it. These larger 
vials were then inverted onto egg-laying plates (57mm x 9mm) containing 10 ml standard 
medium which had been coloured black by the addition of 3g activated charcoal/]. medium. 
The black background made counting eggs and larvae much easier. 
The females were then kept at either 18°C or 25°C for the next 20 days. The egg-laying 
plates were changed daily and the egg counts made immediately afterwards. The number of 
larvae to hatch on each plate was also recorded two days later. 
Analyses of variance were carried out on two classes of measures generated by these data: 
egg production (square root transformed egg numbers) and fertility (angularly transformed 
ratio of larval and egg numbers). Both measures comprised several variables, corresponding 
~"'::" 
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to the data for several time intervals within the fifteen days immediately after mating during 
which data were collected. 
The structure of the analyses of variance on these data follows the same broad rationale 
as was used in the earlier chapters. For the two classes of variables here, the factors fitted were 
the main effects of temperatures, trials within temperatures and lines, as well as the interactions 
of both temperatures and trials within lines. As before, any significant main or interaction term 
involving line was decomposed into the contributions of EST 6 electromorph and EST 6 
activity. Again as before, if a significant contribution by either EST 6 term was detected, then 
a subsequent analysis was carried out to check whether its significance survived after 
partitioning out the contribution of the other EST 6 term. 
4.2.2 Sperm use 
The numbers of sperm stored in the female's ventral receptacle both one and three days 
after mating were counted for females mated in the way just described in section 4.2.1, at 20 
± 1 °C. These females were also kept at room temperature, 20 ± 1 °C, in the interval between 
mating and dissection. The female's ventral receptacle was dissected and stained as described 
by Gilbert (1981c). Briefly, this consisted of dissecting the female reproductive tract directly 
into an orcein-aceto-lactic acid stain. After the addition of a coverslip, the receptacle was 
squashed gently without the disruption of organ integrity to flatten it for phase optics. The 
slides were then sealed with nail polish and left for one day to enhance staining of the sperm 
heads by the orcein. Sperm heads were viewed directly under phase optics at 1 OOOX and were 
counted with the aid of a hand held counter. The slides were coded so that the paternal flies' 
line was unknown at the time of counting. 
The two sperm variables subjected to analyses of variance were the square root 
transformed numbers of sperm, one and three days after mating. The structure of the model 
fitted comprised the main effect of lines and, within lines, of EST 6 electromorph and activity. 
Once again, any significant effect of either EST 6 term was then checked in an analysis in 
which any contribution of the other EST 6 term was partitioned out first. 
Several attempts involving different methods were made to estimate spermathecal sperm 
numbers. However all of these failed to provide accurate estimates of sperm numbers. In each 
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case the dark, sclerotinized cuticle comprising the exterior of the spermathecae prevented 
reliable counts of sperm in that area. Neither was it possible to remove the entire cuticle and 
count the remaining sperm. 
Sperm in the ventral receptacle are used immediately following a mating. Three to four 
days later when relatively few sperm remain in the receptacle there appears to be a switch to 
the use of sperm previously stored in the spermathecae (Gilbert, 1981b). Therefore in the 
present study I am limited to some extent in my capacity to interpret egg and fertility data 
beyond the first few days after mating in terms of sperm usage. However, some similarity in 
the effects of EST 6 on sperm motility in both the ventral receptacle and spermathecae might 
be expected. 
4.3 RESULTS 
4.3.1 Egg production 
Tables 4.1 and 4.2 present the mean (square root transformed) egg numbers for females 
mated to males from each of the set 1 and null lines at selected intervals after copulation, at 
both 18°C and 25°C. Short intervals were chosen for the period directly after copulation, so 
that the considerable movement of sperm that occurs during this time could be monitored. This 
also covers the period when the switch from the use of seminal receptacle to spermathecal 
sperm occurs. As egg production approached a plateau after mating, longer intervals were 
selected, so that sufficient numbers of eggs accumulated in each interval to permit a meaningful 
analysis. Comparisons of the means for the active and null lines for each of the selected 
intervals led to the following results: 
At 18°C: 
Day 1: d=0.37, P > 0.05; 
Day 2-1: d 0.96, P > 0.05; 
Day 4-2: d 0.42, P > 0.05; 
Day 7-4: d 0.03, P > 0.05; 
Day 10-7: d=2.66, P < 0.01; 
Day 15-10: d 1.09, P > 0.05; 
At 25°C: -
Day 1: d=0.71, P > 0.05; 
Day 2-1: d=0.43, P > 0.05; 
Day 4-2: d=0.66, P > 0.05; 
Day 7-4: d=0.45, P > 0.05; 
Day 10-7: d 2.99, P < 0.01; 
Day 15-10: d 0.84, P > 0.05. 
I 
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Table 4.1: Mean square root transformed egg numbers (±se} for day 1 and the difference in square 
root transformed egg numbers for the following days for males from the set 1 lines and the three null 
lines at 18°C. Separate means for the set 1 lines and the null lines are also given. Toe EST 6 
electrophoretic genotype of each set 1 line is given in parentheses. The numbers of matings scored 
for ~h line at day 1 and day 15 are also shown in parentheses as are the number of matings from 
which the grand means were calculated. 
Set 1 lines Day: 1 2-1 4-2 7-4 10-7 15-10 
44 SOI 1 (EST 6-1) 1.8 ± 0.8 (8) 2.6 ± 0.5 4.1 ± 0.7 3.4 ± 1.0 4.9 ± 0.8 5.1 ± 0.6 (6) 
43 R06 1 (EST 6-2) 2.6 ± 1.0 (7) 2.9 ± 0.6 4.8 ± 0.6 7.0 ± 0.8 5.6 ± 0.8 3.9 ± 0.7 (7) 
42 008 2 (EST 6-4) 2.1 ± 1.0 (4) 3.2 ± 0.3 4.5 ± 1.6 5.3 ± 1.9 4.7 ± 1.7 4.6 ± 1.5 (4) 
41 T20 2 (EST 6-4) 2.5 ± 0.8 (8) 3.4 ± 0.6 3.5 ± 1.0 5.8 ± 0.6 3.9 ± 0.9 4.9 ± 1.1 (6) 
38 DOS 2 (EST 6-4) 1.6 ± 0.6 (9) 2.9 ± 0.6 4.6 ± 0.7 6.1 ± 0.7 5.8 ± 0.6 6.1 ± 0.6 (8) 
36 V03 1 (EST 6-5) 2.8 ± 0.9 (3) 4.2 ± 0.7 4.8 ± 0.4 6.4 ± 0.8 5.9 ± 1.7 5.9 ± 1.9 (3) 
33 COS 2 (EST 6-5) 1.3 ± 0.8 (7) 4.0 ± 0.7 5.1 ± 0.8 7.4 ± 0.8 6.1 ± 0.7 4.8 ± 1.0 (7) 
32 L12 1 (EST 6-8) 3.5 ± 1.0 (5) 3.2 ± 0.3 4.5 ± 1.6 5.0 ± 2.1 5.1 ± 1.9 3.6 ± 1.9 (3) 
25 LOS 1 (EST 6-8) 2.1 ± 1.0 (5) 3.7 ± 0.8 3.1 ± 1.0 5.9 ± 1.3 4.6 ± 1.4 5.3 ± 1.3 (5) 
23 B09 2 (EST 6-8) 2.8 ± 0.9 (7) 3.3 ± 0.4 4.0 ± 1.1 6.6 ± 1.1 4.6 ± 0.7 3.9 ± 0.9 (6) 
20 K04 2 (EST 6-8) 3.7 ± 0.4 (7) 4.2 ± 0.4 4.6 ± 0.8 5.1 + 1.7 1.8 ± 1.1 4.4 ± 1.9 (5) 
19 XOl 2 (EST 6-8) 2.7 ± 0.5 (4) 4.1 ± 0.5 5.4 ± 1.0 6.8 ± 1.6 6.0 ± 0.5 4.6 ± 1.5 (4) 
18 M19 1 (EST 6-8) 1.3 ± 0.8 (7) 2.9 ± 0.5 4.5 ± 1.0 6.7 ± 1.0 5.2 ± 1.2 5.3 ± 1.7 (6) 
16 COS 1 (EST 6-8) 3.7 ± 0.7 (7) 4.1 ± 0.3 6.0 ± 0.6 8.6 ± 0.6 5.6 ± 0.6 4.6 ± 1.1 (7) 
7 COl 2 (EST 6-8) 1.2 ± 0.7 (5) 3.1 ± 1.3 5.1 + 0.7 7.8 ± 0.9 7.3 ± 0.8 6.9 ± 1.0 (4) 
10 108 2 (EST 6-9) 2.1 ± 0.7 (6) 4.0 ± 0.5 5.5 ± 0.6 6.9 ± 0.7 6.1 + 0.7 6.1 ± 0.6 (6) 
3 C14 2 (EST 6-9) 1.1 ± 0.6 (6) 2.4 ± 0.8 5.0 ± 1.0 7.9 ± 0.8 7.6 ± 0.4 6.1±0.S (5) 
2 HIS 2 (EST 6-9) 1.7 ± 0.8 (7) 3.8 ± 0.5 5.3 ± 0.6 7.4 ± 0.8 5.6 ± 0.7 5.0 ± 1.2 (7) 
GRAND :MEANS 2.2 ± 0.2 3.4 + 0.1 4.7 ± 0.2 6.4 ± 0.3 5.3 + 0.2 5.1 ± 0.3 
Sample size (112) (112) (110) (104) (100) (99) 
Null lines 
64)ry 1.2 ± 0.6 (7) 2.8 ± 0.8 4.0 ± 1.0 5.9 ± 1.3 6.7 ± 0.6 5.5 ± 0.7 (5) 
DmlOO 3.0 ± 0.5 (9) 3.1 ± 0.6 4.3 ± 0.9 5.7 ± 1.3 5.8 ± 0.5 5.6 + 1.2 (6) 
Dm 179 1.4 ± 0.8 (4) 3.1 ± 0.5 5.6 ± 0.9 8.5 ± 0.4 6.6 ± 0.7 6.1 ± 0.7 (4) 
GRAND MEANS 2.1 ± 0.4 3.0 ± 0.4 4.4 ± 0.6 6.4 ± 0.7 6.3 ± 0.3 5.7 ± 0.5 
Sample size (20) (20) (20) (18) (15) (15) 
Table 4.2: Mean square root transformed egg numbers (±se) for day 1 and the difference in square 
root transformed egg numbers for the following days for males from the set 1 lines and the three null 
lines at 25°C. Separate means for the set 1 lines and the null lines are also given. The EST 6 
electrophoretic genotype of each set 1 line is given in parentheses. The numbers of matings scored 
for ~h line at day 1 and day 15 are also shown in parentheses as are the number of matings from 
which the grand means were calculated. 
Set I lines Day: 1 2-1 4-2 7-4 10-7 15-10 
44 SOI 1 (EST 6-1) 2.9 ± 1.4 (5) 2.1 ± 0.7 2.0 ± 0.9 4.3 ± 1.0 2.6 ± 1.2 3.1± 1.3 (5) 
43 R06 1 (EST 6-2) 2.5 ± 0.9 (6) 2.3 ± 0.7 3.1 ± 1.0 1.8 ± 1.1 4.0 ± 1.0 6.0 ± 0.8 (5) 
42 008 2 (EST 6-4) 1.7 ± 0.7 (7) 1.5 ± ·o.6 3.9 ± 0.6 4.1 ± 0.7 4.9 ± 0.6 4.3 ± 1.0 (6) 
41 T20 2 (EST 6-4) 2.2 ± 0.5 (9) 3.1 ± 0.3 3.5 ± 0.4 4.2 ± 0.6 3.7 ± 0.8 3.7 ± 1.1 (7) 
38 DOS 2 (EST 6-4) 2.7 ± 0.7 (8) 2.8 ± 0.5 3.8 ± 0.7 3.9 ± 0.9 4.6 ± 0.7 4.6 ± 0.5 (7) 
36 V03 1 (EST 6-5) 2.3 ± 0.5 (9) 3.1 ± 0.5 3.7 + 0.6 5.2 ± 0.3 4.7 ± 0.4 5.1±0.5 (9) 
33 COS 2 (EST 6-5) 1.8 ± 0.7 (9) 3.4 ± 0.5 3.1 ± 0.6 4.5 ± 0.8 2.0 ± 0.7 4.5 ± 0.7 (7) 
32 L 12 1 (EST 6-8) 0.0 ± 0.0 (1) 1.4 ± 0.0 0.0 ± 0.0 5.1 ± 0.0 5.4 ± 0.0 5.7 ± 0.0 (1) 
25 LOS 1 (EST 6-8) 2.4 ± 0.9 (6) 3.4 + 0.7 3.3 ± 0.6 4.9 ± 0.8 3.5 ± 1.5 4.7 ± 1.8 (5) 
23 B09 2 (EST 6-8) 2.3 ± 0.7 (7) 3.6 ± 0.3 3.8 ± 0.7 3.1 ± 1.1 3.8 ± 1.1 4.6 ± 0.6 (4) 
20 K04 2 (EST 6-8) 1.6 ± 0.7 (7) 2.2 ± 0.5 3.2 ± 0.7 4.2 ± 0.7 5.0 ± 0.2 4.7 ± 0.6 (7) 
19 XOl 2 (EST 6-8) 2.0 ± 0.7 (7) 2.5 + 0.6 4.3 ± 0.3 5.1 ± 0.3 4.7 ± 0.4 4.9 ± 0.9 (7) 
18 Ml9 1 (EST 6-8) 1.2 + 0.5 (8) 1.5 ± 0.5 3.6 ± 0.7 4.4 ± 0.7 5.5 ± 0.3 4.1 ± 1.1 (7) 
16 COS 1 (EST 6-8) 2.2 ± 0.6 (7) 2.3 ± 0.6 3.2 ± 0.6 5.2 ± 0.5 5.6 ± 0.3 6.6 ± 0.2 (7) 
7 COl 2 (EST 6-8) 1.1 + 0.4(10) 1.6 ± 0.4 3.6 ± 0.5 4.8 ± 0.4 4.8 ± 0.4 5.4 ± 0.4(10) 
10 108 2 (EST 6-9) 1.6 ± 0.9 (4) 1.6 ± 0.8 0.7 ± 0.4 3.7 ± 1.0 4.2 ± 0.8 5.7 ± 0.1 (2) 
3 Cl4 2 (EST 6-9) 1.5 ± 1.5 (3) 1.9 ± 1.0 2.1 ± 1.1 5.5 ± 0.2 3.2 ± 1.6 4.5 ± 1.3 (2) 
2 HIS 2 (EST 6-9) 1.8 ± 0.6 (6) 2.8 ± 0.8 2.6 ± 0.8 4.9 ± 0.9 5.3 ± 0.5 5.9 ± 0.3 (6) 
GRAND MEANS 2.0 + 0.2 2.5 ± 0.1 3.3 ± 0.2 4.4 + 0.2 4.3 ± 0.2 4.9 ± 0.2 
Sample size (119) (119) (117) (114) (109) (104) 
Null lines 
6~ry 1.1 ± 0.7 (7) 1.6 ± 0.8 2.6 ± 0.9 4.7 ± 0.9 5.4 + 0.4 3.3 ± 0.8 (7) 
Dm 100 1.6 ± 0.9 (4) 2.1 + 0.9 2.7 ± 0.6 4.3 ± 0.6 4.7 + 0.6 6.3 ± 1.2 (4) 
Dm 179 2.6 ± 1.3 (3) 4.0 ± 0.5 4.0 ± 0.6 5.0 ± 0.1 5.9 + 0.5 3.9 ± 2.0 (3) 
GRAND MEANS 1.6 + 0.5 2.2 + 0.5 2.9 ± 0.5 4.6 + 0.5 5.3 + 0.3 4.3 + 0.7 
Sample size (14) (14) (14) (14) (14) (14) 
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From these results and those in Tables 4.1 and 4.2 it can be seen that there was little overall 
difference in egg production between the null and active lines at either temperature. There was 
a trend though, for matings with null males L I produce fewer eggs in the first four days and 
more eggs after that time period (see however u1e days 15-10 data at 25°C for an exception). 
The only two temperature/time interval combinations at which nulls and actives differed 
significantly were days 10-7 at 18°C and at 25°C. In both cases the nulls produced more eggs. 
Subsequent analyses of egg production data are based on the set 1 lines and exclude the 
data for the nulls. Table 4.3 gives the correlation coefficients between line means for egg 
numbers at the two temperatures. Only two out of 36 coefficients were statistically significant 
and there was no consistency in the signs of the 36 associations (22 out of 36 were positive), 
indicating that measurements at 18°C and 25°C were assessing largely independent factors. 
The correlation coefficients among the line means for the different time intervals at each 
temperature are given in Table 4.4. Ten of the 30 coefficients were statistically significant, 
and these coefficients tended to be positive among adjacent time intervals but negative among 
well separated intervals at both temperatures. Thus matings that produced more eggs early after 
copulation produced fewer eggs in later time intervals, and vice versa. 
The analyses of variance that tested for various effects on egg numbers are summarised 
in Table 4.5. Temperature had a major effect on egg numbers at all intervals from day two, 
with consistently more eggs being laid at 18°C. There was one significant interactive effect 
between temperature and lines, for the interval between days 10 and 7. A significant 
contribution to this was made by the interaction of temperature with EST 6 electromorph but 
not by the interaction of temperature with EST 6 activity. When the temperatures were analysed 
separately, electromorph differences were important for this time interval at 25°C 
(F5, 139 =2.69,P<c;>.05) but not at 18°C (F5, 139 = 1.87,P>0.05). It can be seen from Table 
4.6 that the effect at 25°C at this time inteival reflected relatively low egg production for 
matings involving EST 6-VF males, and, to a lesser extent for those involving EST 6-5 males 
within the major EST 6-F class. 
Trial effects were significant at all time inteivals. However, for only one time interval 
was the trial by line interaction term significant ( days 10 and 7 again) and this was not due to 
interactions of trial with either EST 6 electromorph or activity. 
Table 4.3: Correlation coefficients between the set 1 line means for square root transformed egg counts 
at 18°C and 25°C. 
EGG NUMBERS AT 18°C 
Day 1 Day 2-1 Day4-2 Day 7-4 Day 10-7 Day 15-10 
EGG NUMBERS AT 25°C 
Day 1 -0.03 0.01 -0.22 -0.11 -0.13 0.03 
Day 2-1 0.05 0.34 -0.32 0.09 -0.17 -0.15 
Day4-2 -0.09 0.14 -0.13 0.21 -0.10 0.06 
Day 7-4 -0.08 0.24 0.18 0.13 0.26 0.36 
Day 10-7 0.42 0.23 0.31 0.14 -0.15 -0.14 
Day 15-10 0.33 0.37 0.63** 0.59** 0.28 -0.06 
**p < 0.01. Df= 16. 
Table 4.4: Correlation coefficients between the set 1 line means for square root transformed egg counts 
at both 18°C (above the diagonal) and 25°C (below the diagonal). 
Day 1 Day 2-1 Day4-2 Day 7-4 Day 10-7 Day 15-10 
2s0 c 18°C 
Day 1 o.so· 0.04 -0.20 -0.ss· -0.66·· 
Day 2-1 0.61·· 0.35 0.21 -0.27 -0.19 
Day4-2 0.49• 0.43 0.61 .. 0.47• 0.16 
Day 7-4 -0.33 -0.08 -0.08 0.60·· 0.30 
Day 10-7 -0.41 -0.43 0.06 0.16 o.ss· 
Day 15-10 -0.20 -0.09 -0.17 -0.03 o.s2· 
•p <0.05, ••p <0.01. Df=l6. 
Table 4.5: Analyses of variance for effects on square root transformed egg numbers due to temperature, trials, lines, and, within lines, of male EST 6 electromorph and 
EST 6 activity. Only data for the set 1 lines were analysed. 
,j 
Source of variation Day: 1 2-1 4-2 7-4 10-7 15-10 
df F df F d/ F df F df F d/ F 
Temperature 1,160 1.12 1,160 22.45••• 1,156 32.31 ••• 1,148 57.75 ... 1,139 16.00··· 1,133 0.23 
Temperature x line 17,160 0.68 17, 160 0.94 17,156 1.01 17,148 1.50 17,139 2.12·· 17,133 0.65 
Temperature x EST 6 electromorph - - - - - - - - 5,139 3.20·· 
Temperature x EST 6 activity - - - - - - - - 1,139 1.45 
Trials 2,160 11.76 ... 
• 
2,160 3.79. 2,156 22.40••• 2,148 34.65 ... 2,139 3.92· 2,133 3.94· 
Trial X line 33,160 0.81 33,160 0.95 33,156 0.73 32,148 0.83 32,139 1.83 .. 32,133 0.95 
Trial x EST 6 electromorph - - - - - - - - 10,139 1.49 
Trial x EST 6 activity - - - - - - - - 2,139 1.26 
Lines 17, 160 1.05 17, 160 1.72 17,156 0.59 17,148 2.20 .. 17,139 1.ss· 17,133 0.86 
EST 6 electromorph - - - - - - 5,148 4.12··· 5,139 1.57 
EST 6 activity - - - - - - 1,148 19_95••• 1,139 3.06 
• •• ••• 0 001 P<0.05, P<0.01, P< . . 
Table 4.6: Mean square root transformed egg counts (±se) for each EST 6 electromorph at both 18°C 
and 25°C. Data are only shown for those time intervals in which the main effect of electromorph or 
the interactions of electromorph with temperature were significant (Table 4.5). The number of egg-
laying plates scored for each genotype on days 7 and 10 are shown in parentheses. 
Major electromorph EST6-VF EST 6-F' EST6-F EST6-S 
Minor electromorph EST 6-1 EST6-2 EST6-4 EST 6-5 EST6-8 EST 6-9 
18°C 
Day7-4 3.4 ± 1.0 7.0 ± 0.8 5.8 ± 0.5 7.1 + 0.6 6.6 ± 0.5 7.3 ± 0.4 
(8) (7) (18) (10) (43) (18) 
Day 10-7 4.9 ± 0.8 5.6 ± 0.8 4.9 ± 0.5 6.0 ± 0.6 4.9 + 0.4 6.3 ± 0.4 
(6) (7) (18) (10) (41) (18) 
25°C 
Day 7-4 4.3 ± 1.0 1.8 ± 1.1 4.1 ± 0.4 4.9 ± 0.4 4.6 ± 0.2 4.8 ± 0.5 
(5) (6) (23) (18) (51) (11) 
Day 10-7 2.6 ± 1.1 4.0 + 1.0 4.4 ± 0.4 3.3 ± 0.5 4.8 ± 0.2 4.5 ± 0.6 
(5) (5) (21) (18) (49) (11) 
57 
The main effects of lines were significant for the intervals between days 7 and 4 and 
between days 10 and 7. EST 6 differences did not contribute significantly to the line variation 
in the latter interval but for the days 7-4 interval significant contributions to the line effect 
--
were made by both EST 6 electromorph and activity. Two lines of evidence suggest that only 
EST 6 activity exerts a primary effect on egg numbers during days 7-4. First, while the activity 
effect was significant both before and after the partitioning out of electromorphs (Table 4.5 
and F 1,148 = 4.29,P < 0.05 respectively), the electromorph effect was only significant before 
and not after the partitioning out of the activity effect (Table 4.5 and F s, 148 = 1.59,P > 0.05 
respectively). Second, there were no clear differences between the mean electromorph values 
for egg numbers during the day 7-4 interval that were consistent across the two temperatures 
(Table 4.6). Indeed, further analyses of the data revealed that for this interval the temperature 
x line term, which itself was not significant (Table 4.5, P = 0.12), nevertheless concealed a 
significant interaction between temperature and electromorph (F s, 148 = 2.60,P < 0.05). Much 
of this interaction was due to the behaviour of EST 6-VF and EST 6-F' which were each 
associated with low egg numbers during the day 7-4 interval at one but not both temperatures. 
Given these complexities, no further interpretation of possible electromorph effects will be 
attempted here. 
The activity effect during the days 7-4 interval reflects a negative relationship between 
egg numbers and paternal EST 6 activity. This relationship is depicted graphically in Fig. 4.1. 
Interestingly, although not significant or as large, the relationship was also negative in all the 
other time intervals analysed between days one and fifteen. The regression coefficients (b ± 
se) of square root transformed egg numbers on paternal EST 6 activity for the various intervals 
(for the total data pooled over both temperatures) are as follows: 
Interval b 
Day 2-1: -0.0024 ± 0.0019 
Day 4-2: -0.0025 ± 0.0023 
Day 7-4: -0.0116 ± 0.0026 
Day 10-1_: -0.0043 ± 0.0029 
Day 15-10: -0.0056 ± 0.0032 
Figure 4.1 
illustration of significant associations between both egg nwnbers and fertility with male EST 6 
activity, as given in Tables 4.5 and 4.12. Data for male activity are taken from Game and Oakeshott 
(1989). Numbers on the graphs depict the first two numbers of the line name. 
A) Day 7-4 egg numbers at 18°C. 
B) Day 7-4 egg numbers at 25°C. 
C) Day 4-2 fertility at 18°C. 
D) Day 4-2 fertility at 25°C. 
E) Day 7-4 fertility at 18°C. 
F) Day 7-4 fertility at 25°C. 
G) Day 10-7 fertility at 18°C. 
H) Day 10-7 fertility at 2S0 c. 
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4.3.2 Fertility 
Tables 4.7 and 4.8 list the mean fertility values (angularly transformed larvae/eggs) for 
each of the set 1 and null lines at selected time intervals after mating at both 18°C and 25°C. 
Comparisons of the means between the active and null lines for each of the selected time 
intervals led to the following results: 
At 18°C: 
Day 1: d 0.52, P > 0.05; 
Day 2-1: d=0.29, P > 0.05; 
Day 4-2: d=3.09, P < 0.01; 
Day 7-4: d=3.63, P < 0.001; 
Day 10-7: d=0.01, P > 0.05; 
Day 15-10: d=0.60, P > 0.05; 
At 25°C: 
Day 1: d=0.60, P > 0.05; 
Day 2-1: d=0.03, P > 0.05; 
Day 4-2: d=0.29, P > 0.05; 
Day 7-4: d=0.01, P > 0.05; 
Day 10-7: d 1.47, P > 0.05; 
Day 15-10: d=2.50, P < 0.05. 
There was a general but not invariant trend for females mated to nulls to show higher 
fertility than those mated to set 1 males. This trend was significant for the days 4-2 and 7-4 
intervals at 18°C and the days 15-10 interval at 25°C. Further analyses of fertility data were 
restricted to the set 1 lines. 
Table 4.9 gives the correlation coefficients between fertility values at the two 
temperatures. It can be seen that five out of the 36 correlation coefficients were significant 
and the majority (32 out of 36) were positive, so, to some extent at least, the two variables 
reflect the action of common underlying factors. On the other hand, the correlations were 
seldom strong, so it is also true that the measurements at the two temperatures reflect some 
independent effects, as was the case with the egg production data (Table 4.3). 
Correlation coefficients among line means for the -various time intervals at each 
temperature are given in Table 4.10. Most of these correlations (55 out of 60) were positive 
but they were only consistently large between adjacent intervals. Only six of the correlations 
were statistically significant; all of these were positive and five were between adjacent 
intervals. Thus differences among line means at adjacent time intervals are not completely 
""= 
independent of one another. However, between more distantly separated intervals they reflect 
Table 4.7: Mean angularly transformed fertility (larvae/eggs) of males from the set 1 lines and the 
three null lines at 18°C. Separate means for the set l lines and the null lines are also given. The EST 
6 electrophoretic genotype of each set 1 line is given in parentheses. Numbers of matings scored for 
each line at day 1 and day 15 are also shown in parentheses as are the number of matings from which 
the gt'aild means were calculated. 
Set 1 lines Day: 1 2-1 4-2 7-4 10-7 15-10 
44 SOI 1 (EST 6-1) 0.7 ± 0.3 (8) 0.8 ± 0.2 0.3 ± 0.1 -0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 (6) 
43 R06 1 (EST 6-2) 0.7 ± 0.3 (7) 1.1 ± 0.2 1.2 ± 0.2 0.8 ± 0.1 0.4 ± 0.2 0.2± 0.1 (7) 
42 008 2 (EST 6-4) 0.7 ± 0.4 (4) 0.9 ± 0.3 0.8 ± 0.3 1.0 ± 0.2 0.1 ± 0.1 0.1 ± 0.1 (4) 
41 T20 2 (EST 6-4) 0.6 ± 0.2 (8) 1.2 ± 0.1 0.9 ± 0.2 0.6 ± 0.2 0.6 ± 0.2 0.7 ± 0.2 (6) 
38 DOS 2 (EST 6-4) 0.5 ± 0.2 (9) 0.9 ± 0.2 1.0 ± 0.2 0.7 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 (8) 
36 V03 1 (EST 6-5) 1.1 ± 0.5 (3) 1.2 ± 0.2 1.4 ± 0.1 0.8 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 (3) 
33 COS 2 (EST 6-5) 0.5 ± 0.3 (7) 1.1 ± 0.2 1.0 ± 0.2 0.7 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 (7) 
32 L 12 1 (EST 6-8) 1.1 ± 0.3 (5) 1.5 ± 0.1 1.5 ± 0.1 0.4 ± 0.1 0.4 ± 0.4 0.3 ± 0.2 (3) 
25 LOS 1 (EST 6-8) 0.6 ± 0.3 (5) 1.4 ± 0.1 0.8 ± 0.2 0.7 ± 0.2 0.3 ± 0.1 0.3 ± 0.2 (5) 
23 BOO 2 (EST 6-8) 0.4 ± 0.2 (7) 1.3 ± 0.1 1.0 ± 0.1 0.5 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 (6) 
20 K04 2 (EST 6-8) 1.1 ± 0.3 (7) 1.3 ± 0.1 1.1 ± 0.2 0.7 ± 0.1 0.3 ± 0.2 0.2 ± 0.1 (5) 
19 XOl 2 (EST 6-8) 1.1 ± 0.4 (4) 1.5 ± 0.1 1.3 ± 0.2 1.0 ± 0.4 0.6 ± 0.3 0.3 ± 0.2 (4) 
18 M19 1 (EST 6-8) 0.4 ± 0.3 (7) 1.3 ± 0.1 1.1 ± 0.1 0.6 ± 0.1 0.3 ± 0.1 0.1 ± 0.1 (6) 
16 COS 1 (EST 6-8) 0.9 ± 0.2 (7) 1.3 ± 0.1 1.3 ± 0.1 0.6 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 (7) 
7 COi 2 (EST 6-8) 0.5 ± 0.3 (5) 0.9 ± 0.3 1.3 ± 0.1 0.9 ± 0.2 0.4 ± 0.1 0.1 ± 0.1 (4) 
10 108 2 (EST 6-9) 0.4 ± 0.2 (6) 1.1 ± 0.1 1.2 ± 0.1 0.7 ± 0.1 0.4 ± 0.2 0.3 ± 0.1 (6) 
3 C14 2 (EST 6-9) 0.4 ± 0.3 (6) 0.9 + 0.3 0.9 ± 0.2 0.5 ± 0.1 0.2 ± 0.2 0.2 ± 0.1 (5) 
2 H15 2 (EST 6-9) 0.4 ± 0.3 (7) 1.2 + 0.9 1.1 ± 0.1 0.6 ± 0.1 0.3 ± 0.2 0.1 + 0.1 (7) 
GRAND MEANS 0.6 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 0.6 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 
Sample size (112) (112) (110) (104) (100) (99) 
Null lines 
64>ry 0.8 ± 0.3 (5) 0.9 ± 0.3 1.3 ± 0.1 1.0 ± 0.1 0.4 ± 0.1 0.3 ± 0.2 (4) 
Dm 100 0.8 ± 0.4 (4) 0.9 ± 0.3 1.2 + 0.2 0.9 ± 0.2 0.3 + 0.2 0.4 ± 0.2 (4) 
Dm 179 0.7 ± 0.4 (4) 1.5 ± 0.1 1.5 ± 0.1 1.0 ± 0.1 0.2 ± 0.1 0.2 + 0.1 (4) 
GRAND :MEANS 0.8 ± 0.2 1.1 ± 0.2 1.3 ± 0.1 1.0 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 
Sample size (13) (13) (13) (13) (12) (12) 
J 
I 
Table 4.8: Mean angularly transformed fertility (larvae/eggs) of males from the set I lines and the 
three null lines at 25°C. Separate means for the set 1 lines and the null lines are also given. The EST 
6 electrophoretic genotype of each set I line is given in parentheses. The numbers of matings scored 
for each line at day 1 and day 15 are also shown in parentheses as are the number of matings from 
which the grand means were calculated. 
Set I lines Day: 1 2-1 4-2 7-4 10-7 15-10 
44 SOI 1 (EST 6-1) 0.4 ± 0.2 (5) 0.7 ± 0.2 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 (5) 
43 R06 1 (EST 6-2) 0.5 ± 0.2 (6) 0.6 ± 0.3 1.1 ± 0.2 0.7 ± 0.3 0.9 ± 0.2 1.0 ± 0.1 (5) 
42 008 2 (EST 6-4) 0.7 ± 0.3 (7) 0.8 ± 0.3 0.9 ± 0.1 1.0 ± 0.2 1.0 ± 0.2 0.6 ± 0.2 (6) 
41 T20 2 (EST 6-4) I.I ± 0.2 (9) 1.4 ± 0.1 I.I± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.5 ± 0.1 (7) 
38 D05 2 (EST 6-4) 0.5 ± 0.1 (8) 0.6 ± 0.2 0.7 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 (7) 
36 V03 1 (EST 6-5) I.I ± 0.2 (9) 1.2 ± 0.2 0.8 ± 0.2 0.6 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 (9) 
33 COS 2 (EST 6-5) 0.6 ± 0.2 (9) 1.2 ± 0.2 0.8 ± 0.2 0.8 ± 0.2 0.5 ± 0.1 0.2 ± 0.1 (7) 
32 L 12 1 (EST 6-8) 0.0 (1) 1.6 0.0 1.6 1.4 0.5 (1) 
25 LOS 1 (EST 6-8) 0.9 ± 0.3 (6) 1.2 ± 0.1 1.3 ± 0.1 1.1 ± 0.1 0.5 ± 0.2 0.1 ± 0.1 (5) 
23 B09 2 (EST 6-8) 0.8 ± 0.3 (7) 0.9 ± 0.1 0.7 ± 0.2 0.4 + 0.1 0.5 ± 0.2 0.2 ± 0.1 (4) 
20 K04 2 (EST 6-8) 0.5 ± 0.2 (7) 0.7 ± 0.3 0.7 ± 0.2 0.7 ± 0.2 1.1 ± 0.2 0.4 ± 0.1 (7) 
l9 XOI 2 (EST 6-8) 0.5 ± 0.3 (7) 0.7 ± 0.2 0.7 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 0.7 ± 0.1 (7) 
18MI91 (EST6-8) 0.8 ± 0.3 (8) 0.7 ± 0.2 0.9 ± 0.2 0.8 ± 0.1 0.8 ± 0.2 0.5 ± 0.2 (7) 
16 COS 1 (EST 6-8) 1.0 ± 0.3 (7) 1.0 ± 0.2 0.9 ± 0.1 1.1 ± 0.1 0.8 ± 0.1 0.5 ± 0.1 (7) 
7 COi 2 (EST 6-8) 0.6 + 0.2(10) 0.8 + 0.2 1.2 ± 0.2 1.0 ± 0.1 0.9 + 0.1 0.5 + 0.1(10) 
10 108 2 (EST 6-9) 0.3 ± 0.3 (4) 0.3 ± 0.3 1.0 ± 0.4 1.3 ± 0.2 1.1 ± 0.1 0.2 ± 0.1 (2) 
3 CI4 2 (EST 6-9) 0.2 ± 0.2 (3) 0.5 ± 0.3 0.6 ± 0.3 0.9 ± 0.1 0.9 ± 0.2 0.6 ± 0.1 (2) 
2 HIS 2 (EST 6-9) 0.8 ± 0.3 (6) 1.1 ± 0.2 0.9 ± 0.3 0.7 ± 0.3 0.9 ± 0.2 0.7 ± 0.3 (6) 
GRAND MEANS 0.7 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 0.5 ± 0.1 
Sample size (119) (119) (117) (114) (109) (104) 
Null lines 
6~ry 0.4 ± 0.3 (7) 0.8 + 0.3 0.8 + 0.2 0.8 ± 0.2 0.9 + 0.2 0.6 + 0.2 (7) 
Dm 100 0.6 ± 0.4 (4) 0.9 + 0.3 1.1 ± 0.2 1.0 ± 0.1 0.9 ± 0.3 0.8 ± 0.2 (4) 
Dm 179 0.9 ± 0.5 (3) 1.1 ± 0.1 0.8 ± 0.1 0.5 ± 0.3 1.0 ± 0.1 1.1 ± 0.1 (3) 
GRAND MEANS 0.6 ± 0.2 0.9 ± 0.2 0.9 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 0.8 ± 0.1 
Sample size (14) (14) (14) (14) (14) (14) 
Table 4.9: Correlation coefficients between the set 1 line means for angularly transformed fertility 
(larvae/egg) measurements at 18°C and 25°C. 
FERTILITY AT 18°C 
Day 1 Day 2-1 Day4-2 Day 7-4 Day 10-7 Day 15-10 
FERTILITY AT 25°C 
Day 1 -0.0S 0.23 0.02 0.28 -0.06 0.08 
Day 2-1 0.31 0.48* 0.18 -0.20 0.14 0.32 
Day4-2 -0.36 0.01 0.12 0.64·· 0.27 0.22 
Day 7-4 0.12 0.39 o.s2· 0.20 0.28 0.38 
Day 10-7 0.25 0.39 0.61·· 0.26 0.32 0.32 
Day 15-10 0.26 0.14 0.46 0.48. 0.24 0.03 
*p <0.05, ••p <0.01. Df=16. 
Table 4.10: Correlation coefficients between the set 1 line means for angularly transformed fertility 
(larvae/eggs) measurements at both 18°C (above the diagonal) and 25°C (below the diagonal). 
Day 1 Day2-l Day4-2 Day 7-4 Day 10-7 Day 15-10 
25°C 18°C 
Day 1 0.48. 0.35 0.16 0.06 0.05 
Day 2-1 0.34 0.54· 0.06 0.41 0.28 
Day4-2 o.5s· -0.13 0.44 0.39 0.07 
Day 7-4 -0.21 0.29 0.16 0.22 -0.01 
Day 10-7 -0.35 0.03 0.02 0.75 ... o.6s·· 
Day 15-10 0.01 -0.07 0.19 0.15 o.5s· 
• •• • •• P<0.05, P<0.01, P<0.001. Df=l6. 
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largely different factors. Somewhat similar patterns of associations were evident for the egg 
production data (Table 4.4). 
Table 4.11 presents the correlation coefficients between egg numbers and fertility at each 
temperature and time interval. Fifteen out of 72 values were significant The majority of the 
values were positive ( 44 out of 72), especially those between early egg numbers and early 
fertility. The negative correlations occurred more often between early egg numbers and late 
fertility. Thus females that laid more eggs initially tended to have higher fertility earlier but 
reduced fertility later. Conversely females that laid few eggs initially tended to have lower 
fertility early but higher fertility later. 
The analyses of variance for fertility measurements are summarised in Table 4.12. Again 
the main effect of temperature was significant after day l, with fertility being higher at 18°C 
than at 25°C over the days 2-1 and 4-2 intervals, and then higher at 25°C than at 18°C 
thereafter. The temperature by line interaction tenn was significant for the intervals from days 
7-4 onwards but only once was this related to EST 6 electromorph (days 15-10) and never 
to EST 6 activity. When the interaction between temperature and electromorph during the days 
15-10 interval was analysed further, it was found that the electromorph effect was not 
significant at 18°C (F s, 133 = 1.73,P>0.05) but was significant at 25°C 
(F s, 133 = 6.45,P< 0.001). The comparison of electromorph means in Table 4.13 shows that 
much of this significance at 25°C is due to a relatively low fertility value for the EST 6-VF 
electromorph and a relatively high value for the EST 6-F' electromorph. 
There were highly significant differences among trials at all time intervals except between 
days 2-1, but in no case was there a significant trial by line interaction (Table 4.12). 
Differences among lines were significant from days 2-1 onwards and these differences 
were frequently related to both EST 6 electromorph and activity. Electromorph seems to have 
a primary effect at all of the intervals from days 2 to 15. Thus electromorph effects remained 
significant after the partitioning out of significant activity effects (F 5,1 56 = 6. 74, F 5,1 48 = 5 .08, 
F 5, 139 = 5 .50, for days 4-2, 7-4 and 10-7 respectively,P < 0.001 for all). Mean fertility values 
for each of the electromorphs are presented in Table 4.13. Values were frequently much lower 
for the EST 6-VF class. Again there were no consistent differences between the common major 
Table 4.11: Correlation coefficients between the set 1 line means for square root transformed egg 
COWlts and angularly transformed fertility (larvae/eggs) measurements, at both 18°C and 25°C. 
EGG NUMBERS AT 18°C 
Day 1 Day 2-1 Day 4-2 Day 7--4 Day 10-7 Day 15-10 
FERTll.,ITY AT 18°C 
Day 1 0.18··· 0.42 0.08 -0.34 -0.38 -0.46 
Day 2-1 0.64·· 0.63 •• -0.02 0.08 -0.38 -0.56. 
Day4-2 0.37 a.so· 0.53. 0.52• 0.18 -0.09 
Day 7--4 -0.03 0.38 0.27 0.41 0.16 0.16 
Day 10-7 0.02 0.28 0.06 0.21 -0.01 -0.12 
Day 15-10 0.16 0.11 -0.39 -0.13 -0.26 -0.12 
EGG NUMBERS AT 25°C 
FERTll.,ITY AT 25°C Day 1 Day2-l Day4-2 Day 7--4 Day 10-7 Day 15-10 
Day 1 0.48. o.5s· 0.66·· 0.06 0.13 -0.04 
Day 2-1 -0.22 0.37 -0.06 0.39 0.06 -0.01 
Day4-2 0.25 0.25 0.51• -0.19 0.03 0.17 
Day 7--4 -0.70 .. -0.38 -0.45 0.31 0.33 0.43 
Day 10-7 -0.1s··· -0.51• -0.40 0.07 o.53. 0.42 
Day 15-10 -0.21 -0.29 0.19 -0.13 0.44 0.41 
• •• • •• P<0.05, P<0.01, P<0.001. 
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Table 4.12: Analyses of variance for the effects on angularly transformed fertility (larvae/eggs) measurements due to temperature, trials, lines, and, within lines, of 
male EST 6 electromorph and EST 6 activity. Only data for the set I lines were analysed. 
Source of variation Day: 1 2-1 4-2 7-4 10-7 15-10 
df F df F df F df F df F df F 
Temperature 1,160 0.37 l, 160 13.86··· 1,156 9.30 .. 1,148 8.98 •• 1, 139 58.86··· 1, 133 34.89··· 
Temperature x line 17, 160 0.91 17,160 0.94 17, 156 1.36 17,148 1.94· 17,139 1.11· 17,133 1.s1 • 
Temperature x EST 6 electromorph - - - - - - 5,148 1.41 5,139 2.08 5,133 2.73. 
Temperature x EST 6 activity - - - - - - 1,148 1.87 1,139 1.19 1,133 0.65 
Trials 2 160 2557••• I 2,160 0.80 2, 156 18.03 ... 2,148 6.06·· 2, 139 11.88··· 2, 133 24.14••• 
Trial x line 33,160 1.08 33,160 0.95 33, 156 1.28 32,148 0.99 32,139 1.42 32,133 1.38 
Lines 17, 160 1.13 17,160 2.13•• 17,156 3_54••• 17,148 3.18··· 17,139 3.47••• 17,133 2.86··· 
EST 6 electromorph - - 5,160 2.36. 5,156 s.6s··· 5,148 6.99··· 5,139 6.13••• 5,133 5.57 ... 
EST 6 activity - - 1,160 1.71 1, 156 12.76··· 1, 148 25.92··· 1,139 7.57 .. 1,133 1.16 
• •• ••• 00 P<0.05, P<0.01, P<O. 1. 
Table 4.13: Mean angularly transformed fertility (larvae/eggs) (±se) for each EST 6 electromorph at 
both 18°C and 25°C. The number of egg-laying plates scored for each genotype on days 1 and 15 are 
shown in parentheses. 
Major electromorph EST6-VF EST 6-F' EST6-F EST6-S 
Minor electromorph EST 6-1 EST6-2 EST6-4 EST6-5 EST6-8 EST 6-9 
18°C 
Day 2-1 0.8 ± 0.2 1.1 ± 0.2 1.0 ± 0.1 1.1 ± 0.1 1.3 ± 0.1 1.1 ± 0.1 
Day4-2 0.3 ± 0.1 1.2 ± 0.2 0.9 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 1.1 ± 0.1 
Day 7-4 0.2 ± 0.1 0.8 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 
Day 10--7 0.7 ± 0.1 0.4 ± 0.2 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 
Day 15-10 0.0 ± 0.0 0.2 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 
(6-8) (7) (18-21) (10) (4D-47) (18-19) 
25°C 
Day 2-1 0.7 ± 0.2 0.6 ± 0.3 1.0 ± 0.1 1.2 ± 0.1 0.9 ± 0.1 0.7 ± 0.2 
Day4-2 0.2 ± 0.1 1.1 ± 0.2 0.9 ± 0.1 _0.8 ± 0.1 0.9 ± 0.1 0.9 ± 0.2 
Day 7-4 0.1 ± 0.1 · 0.7 ± 0.3 0.8 + 0.1 0.7 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 
Day 10--7 0.0 ± 0.0 0.9 + 0.2 0.6 ± 0.1 0.5 ± 0.1 0.8 ± 0.1 0.9 ± 0.1 
Day 15-10 0.0 ± 0.0 1.0 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 0.6 ± 0.2 
(5) (5-6) (20-24) (16-18) (48-53) (10-13) 
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EST 6-F and EST 6-S classes or between minor electromorphs within these two major classes. 
However one EST 6-8 line (32 L12 1) was an outlier for several of the intervals. 
Activity also seemed to have a primary effect on fertility, at least during some of the time 
-
intervals. Thus the activity effect after the partitioning out of the electromorph effect was not 
quite significant for days 4-2 (F 1,156 = 3.24,P = 0.07), remained significant for days 7-4 
(F 1,148 = 16.38,P < 0.001) and was not significant for days 10-7 (F 1, 139 = 1.43,P > 0.05). The 
relationships between activity and fertility at each temperature are given graphically in Fig. 
4.1 for the days 4-2 through to 10-7 intervals. Negative relationships are evident, particularly 
at 25°C. Although not necessarily significant at all other intervals, the following tabulation 
shows that the regression coefficients (b ± se) of angularly transformed fertility on activity 
were consistently negative (for the total data, pooled over both temperatures). 
Interval b 
Day 2-1: -0.0008 ± 0.0007 
Day 4-2: -0.0019 ± 0.0006 
Day 7-4: -0.0024 ± 0.0005 
Day 10-7: -0.0013 ± 0.0005 
Day 15-10: -0.0004 ± 0.0005 
Thus the consistent negative relationship between activity and egg production 
demonstrated in section 4.3.1 is paralleled by a generally negative relationship between activity 
and the proportion of eggs that are fertilised. 
4.3.3 Sperm use 
Mean sperm numbers both one and three days after mating for each paternal set 1 line 
are given in Table 4.14. Insufficient data on the null lines were collected to be of any real use 
for this section of work. There was a positive but non-significant association among set 1 line 
means for sperm numbers at the two times (r16 =0.38,P>0.05). Thus there is relatively little 
shared variance (r2=0.38,P=0.14) among paternal lines in the amount of sperm transferred 
(at least as indicated by the day one values) and the amount stored (as represented by the day 
three values). 
Table 4.14: Mean square root transformed sperm numbers (±se) one and three days post-mating and 
the angularly transformed ratio of day three to day one sperm for the set 1 lines. n is the total number 
of mated females scored for sperm numbers. 
Angularly 
Set 1 Major Minor "Sperm (n) "Sperm (n) transformed 
lines electromorph electromorph 1 day post- 3 days post- day 3/day 1 
mating mating "sperm 
44 SOI 1 VF 1 11.6 ± 0.4 (5) 5.2 ± 1.1 (4) 0.46 
43 R06 1 F' 2 15.2 ± 1.3 (4) 9.5 ± 2.0 (4) 0.75 
42008 2 F 4 13.4 ± 1.6 (3) 9.4 ± 1.2 (8) 0.83 
41T202 F 4 13.0 ± 1.6 (3) 7.4 ± 2.0 (3) 0.72 
38 D05 2 F 4 14.6 ± 0.5 (5) 7.1 ± 2.2 (5) 0.53 
36 V03 1 F s 16.5 ± 1.2 (6) 13.1 ± 1.4 (5) 1.03 
33 cos 2 F s 15.7 ± 1.4 (5) 11.8 ± 0.7 (4) 0.92 
32 Ll2 1 s 8 16.2 ± 0.7 (5) 8.1 ± 0.9 (4) 0.43 
25 LOS 1 s 8 13.8 ± 1.3 (5) 10.5 ± 1.3 (5) 0.79 
23 B09 2 s 8 17.8 ± 2.9 (3) 12.4 ± 2.5 (4) 0.64 
20K042 s 8 16.5 ± 0.9 (5) 15.1 ± 1.3 (5) 1.19 
19 XOl 2 s 8 16.2 ± 2.1 (6) 12.0 ± 0.9 (6) 1.01 
18M19 1 s 8 15.8 ± 1.2 (6) 6.7 ± 1.0 (6) 0.47 
16 cos 1 s 8 14.8 ± 1.1 (3) 9.8 ± 2.2 (3) 0.94 
7 COl 2 s 8 17.9 ± 2.1 (3) 8.9 ± 1.4 (3) 0.48 
10 108 2 s 9 16.2 ± 2.2 (6) 13.9 ± 1.7 (5) 1.10 
3 C142 s 9 11.8 ± 1.5 (4) 12.9 ± 0.7 (5) 1.57• 
2H152 s 9 15.4 ± 1.8 (5) 8.7 ± 1.1 (3) 0.77 
GRAND MEANS 15.3 ± 0.4 (82) 10.3 ± 0.4 (82) 
• The number of sperm in females dissected at day 3 was slightly higher than the number of sperm in 
females dissected at day 1 for this line. 
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Correlation coefficients between the two sperm measurements and egg numbers at various 
intervals are given in Table 4.15. Most (17/24) of the correlations between sperm and egg 
numbers at the two temperatures were positive and three were statistically significant as well. 
This suggests either that egg production may be adjusted in accordance with the amount of 
sperm available or that sperm release is adjusted according to the number of mature eggs 
available. Previous work on the physiology of Drosophila reproduction suggests that the 
former is more likely (Fitz-Earle, 1971; Bouletreau-Merle, 1977). 
Correlation coefficients between fertility and sperm measurements are given in Table 
4.16. Again most values were positive (20/24), although only one was individually statistically 
significant. The trend for positive correlations indicates that variation among paternal lines in 
fertility is at least in part due to variation in the transfer and/or storage of their sperm in 
females. As such, it lays the foundation for testing the contribution of male EST 6 differences 
to female sperm use and the fertility of the mating .. 
The analyses of variance for the effects of lines, EST 6 electromorph and EST 6 activity 
on sperm numbers one and three days after mating are presented in Table 4.17. There was no 
difference in receptacle sperm numbers among the lines one day after mating. Thus males from 
the different lines and with different EST 6 phenotypes transferred comparable numbers of 
sperm to the females during mating. However, the situation changed rapidly by the third day 
after mating, when the spenn numbers differed significantly amongst the lines. Since similar 
numbers of sperm were transferred during mating, this suggests that it is the rate of sperm 
release from the receptacle which varies among the lines. Both EST 6 activity and electromorph 
appeared to contribute significantly to the variation in the rate of sperm release. However this 
is probably due to a primary effect of electromorph; electromorph effects were significant both 
before and after the partitioning out of the activity effect (Table 4.17 and F 5,64 = 4.03,P < 0.01 
respectively), whereas the activity effect was only significant before and not after the 
partitioning out of the electromorpheffect (Table 4.17 andF 1,64 = 0.00,P > 0.05 respectively). 
The electromorph means for the day three sperm numbers are presented in Table 4.18. It 
is immediately obvious that EST 6-VF forms an extreme outlier with mean day three sperm 
numbers only about half those of the other genotypes. Furthermore the minor electromorphs 
EST 6-4 and EST 6-5 within the common major EST 6-F class are different to each other, 
J 
Table 4.15: Correlation coefficients among line means for square root transformed sperm counts one 
and three days post-mating, with square root transformed egg numbers over various time intervals at 
both 18°C and 25°C. 
EGG NUMBERS AT 18°C 
Day 1 Day 2-1 Day4-2 Day7-4 Day 10-7 Day 15-10 
Day 1 sperm 0.26 0.47* 0.30 0.31 -0.01 -0.14 
Day 3 sperm 0.29 o.51* 0.28 0.31 -0.05 0.05 
EGG NUMBERS AT 25°C 
Day 1 Day 2-1 Day4-2 Day 7-4 Day 10-7 Day 15-10 
Day 1 sperm -0.35 0.05 0.12 -0.14 0.42 0.48* 
Day 3 sperm -0.08 0.18 0.01 0.05 -0.07 0.28 
*p <0.05. Df=16. 
Table 4.16: Correlation coefficients among line means for square root transformed sperm counts one 
and three days post-mating, with angularly transformed fertility (larvae/eggs) measurements over 
various time intervals at both 18°C and 25°C. 
FERTILITY AT 18°C 
Day 1 Day2-1 Day4-2 Day7-4 Day 10-7 Day 15-10 
Day 1 sperm 0.15 0.44 0.73 ... 0.36 0.29 -0.10 
Day 3 sperm 0.21 0.25 0.34 0.34 -0.02 0.06 
FERTILITY AT 2S°C 
Day 1 Day2-1 Day4-2 Day 7-4 Day 10-7 Day 15-10 
Day 1 sperm 0.06 0.07 0.14 0.16 0.31 0.10 
Day 3 sperm -0.06 -0.21 0.15 0.17 0.31 0.01 
••• P <0.001. Df=16. 
Table 4.17: Analyses of variance for the effects on square root transformed sperm nwnbers of lines 
an~ within lines, of male EST 6 electromorph and EST 6 activity both one and three days post-mating; 
df=degrees of freedom, F=variance ratio. 
Source of Variation 
Lines 
EST 6 electtomorph 
EST 6 activity 
• • •• P<0.05, P<0.001. 
Day 1 
df 
17,62 
5,62 
1, 62 
Day3 
F df F 
1.07 17,64 3.46··· 
1.67 5,64 5.21··· 
0.03 1, 64 6.22· 
Table 4.18: Mean square root transformed sperm numbers (± se) for each of the EST 6 electromorphs 
three days after mating. Numbers of females dissected for sperm counts are given in parentheses. 
Major electromorph EST 6-VF EST 6-F' EST6-F EST6-S 
Minor electromorph 
Sperm numbers 
EST 6-1 EST 6-2 EST 6-4 EST 6-5 EST 6-8 EST 6-9 
5.2 ± 1.1 
(4) 
9.5 ± 2.0 8.3 ± 1.0 12.5 ± 0.8 10.5 ± 0.6 12.3 ± 0.9 
(4) (16) (9) (36) (13) 
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with mean day three sperm numbers for EST 6-4 less than those for EST 6-5. The regression 
coefficient (b ± se) for square root transformed day three sperm numbers on EST 6 activity 
before partitioning out EST 6 electromorph effects was -0.0168 ± 0.0081. 
4.4 DISCUSSION 
4.4.1 Egg production and fertility 
Male donated EST 6 activity and EST 6 electromorph can influence the reproductive 
ability of a female via effects on the production and/or fertilisation of eggs. 
Considering first the null versus active comparisons for egg production, there was a weak 
trend for matings with null males to result in fewer eggs in the first four days and then more 
eggs after this time period. Gilbert et al. (1981a) found no difference in the egg production of 
nulls and actives but the power of his analysis was more limited since he used only one null 
. 
and one active line compared to the three null and eighteen active lines in my study. 
I also found clear associations between egg production and male EST 6 activity and some 
limited associations of egg production with male EST 6 electromorph among the set 1 active 
lines. The number of eggs a female produced after a mating declined as the EST 6 activity of 
her mate increased, at least after the first day of mating. This effect was most marked between 
days 7-4. The direction of this EST 6 activity effect on egg production is consistent with the 
difference between the null and active lines five days after mating. EST 6 electromorph effects 
were essentially limited to the day 10-7 interval at 25°C, when the egg production of the EST 
6-VF class was substantially less than that of the other classes. 
Associations with paternal EST 6 activity broadly similar to those found for egg 
production were seen with respect to the fertilisation of the eggs. Regarding the nulls, matings 
involving null males resulted in somewhat higher fertility at later time intervals than did 
matings involving EST 6 active males. This seems to oppose the findings of Gilbert and 
Richmond (1982) who observed that the progeny production of Est 6 s /Est 6s males was greater 
than that of Est 6° /Est 6°males at l 8°C. Again, many more null and active lines were included 
in this St\!9Y making it the more definitive of the two. 
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Amongst the matings involving the set 1 active lines, female fertility declined as the EST 
6 activity of her mate increased, again from day one onwards, and again most obviously 
between days 7-4. The direction of this effect is consistent with the difference that I observed 
between the nulls and actives but not with that seen by Gilbert and Richmond (1982). This 
supports the view above that my results with the nulls are probably the more reliable. 
Nevertheless, it is perhaps surprising that my results show such a marked disadvantage to high 
EST 6 activity males. However, this disadvantage needs to be viewed with some caution since 
investigations here were restricted to single matings whereas multiple paternity occurs in both 
laboratory and field populations (Gromko et al., 1980; Griffiths et al., 1982). 
I also found that paternal electromorph was important after the first day, with the EST 
6-VF class having much lower fertility than the other classes. 
My results differ from those of Gilbert et al. (1981a, 1981b) and Gilbert and Richmond 
(1982), in that associations of EST 6 activity with both egg production and fertility were 
observed here at 25°C as well as at 18°C, whereas they only detected effects at 18°C. The 
greater size of my data set may have contributed to the discrepancy here. It is noteworthy that 
the three early studies were of null versus active comparisons and that in my null versus active 
comparisons the trends were more obvious at l 8°C than at 25°C. 
My finding of broadly similar effects of paternal EST 6 on egg numbers and fertility is 
consistent with the positive correlation between egg numbers and fertility. One explanation 
for the similar effects might be that the primary effect of EST 6 is on sperm usage. This could 
obviously affect fertility directly and could also affect egg production indirectly, if, as others 
have reported, a female adjusts her egg production according to the availability of stored sperm 
(Cook, 1970; Bouletreau-Merle, 1977; Gilbert etal., 1981b). This explanation implies that EST 
6 may be physically associated with the stored sperm in the seminal receptacle and/or 
spermathecae. 
An alternative explanation for the similar effects of EST 6 on egg production and fertility 
is that the primary effect of EST 6 is on egg production, with an indirect effect on spenn usage, 
with the female adjusting her sperm use rates to match her egg production. It is noteworthy 
that this explanation does not require EST 6 to be in the sperm storage organs, but does imply 
I· 
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a neurological target for the male donated EST 6 in order that the functioning of her ovaries 
be affected. 
The first explanation is supported by the observation that relationships with fertility are 
generally stronger than those with egg numbers. However, it is not known whether male 
donated EST 6 finds its way to the female sperm storage organs. There is a scarcity of studies 
sensitive enough to detect EST 6 in these organs. However, a similar enzyme, S-esterase, has 
been observed in the proximal part of the female seminal receptacle after matings of 
Drosophila from the virilis group (Korochkin et al., 1976). 
4.4.2 Sperm use 
The absence of differences between the lines in the number of sperm in the ventral 
receptacle at day one is consistent with the absence of an EST 6 effect on either egg production 
or fertility during day one. Three days after mating, there was a negative relationship between 
sperm numbers still in the ventral receptacle and EST 6 activity (before the partitioning out 
of electromorph effects). Thus to this extent at least there was a positive relationship between 
EST 6 activity and the rate of sperm release from the ventral receptacle between days one and 
three~ These results are consistent with the findings of Gilbert (1981b) who looked at three 
lines, including one null, and also observed an increase in the rate of sperm release with 
increasing EST 6 activity. However, in the present study the activity effects are no longer 
significant after the prior partitioning out of electromorph effects, so the real effects of EST 6 
activity on the rate of sperm release are unclear. 
Effects of EST 6 electromorph on sperm numbers in the ventral receptacle were 
significant both before and after the partitioning out of activity effects. The major difference 
due to EST 6 electromorph was that females mated to EST 6-VF males had fewer sperm in 
their ventral receptacle at day three than the other classes. Thus paternal EST 6-VF is 
associated with a higher rate of sperm release from the ventral receptacle in the first three days. 
This is the first time that the EST 6-VF class has been studied with regard to reproductive 
fitness, so there are no precedents in the literature. However, the EST 6-VF class also has a 
high EST~{i activity. This is therefore consistent with the positive relationship between EST 6 
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activity and the rate of sperm release, seen both in Gilbert's ( 19 81 b) and my own results before 
I partitioned out the electromorph effects. 
Another difference contributing to the paternal electromorph effects on ventral receptacle 
sperm numbers at day three lies between EST 6-4 and EST 6-5 within the EST 6-F class. 
Specifically, females mated to EST 6-4 males had fewer sperm three days after mating than 
those mated to the EST 6-5 males. There have been no previous studies comparing EST 6-4 
and EST 6-5 with respect to reproductive fitness, and they do not differ in EST 6 activity levels 
(Gatne and Oakeshott, 1989). 
The absence of any difference in the rate of sperm release between females mated to males 
of the major EST 6-F versus EST 6-S classes is consistent with the lack of a difference between 
these electromorphs in the earlier egg production and fertility data from this study. This result 
supports the conclusions ofKortier and Gromko (1986) and Birley and Beardmore (1977), that 
there is no difference in progeny production due to the male's major electrophoretic class. It 
is also consistent with the similar activities reported for the major EST 6-F and EST 6-S classes 
by Gatne and Oakeshott (1989). 
Thus neither this nor chapter four's results offer any explanation of the latitudinal clines 
observed with regard to the frequencies of Est 6F and Est 65• I atn left with the anomaly that 
it is only pre-adult fitness that distinguishes EST 6-F from EST 6-S but that the direction of 
this effect is opposite to that necessary to explain the clines (chapter one). 
In general terms, the effects of paternal EST 6 on sperm release from the ventral receptacle 
bear some broad parallels with the effects of paternal EST 6 on egg production and fertility. 
With respect to electromorph, EST 6-VF was the major outlier for all three measures, being 
low in egg production (at least at some intervals) and fertility (at most intervals) and ~gh in 
the rate of sperm release. Conversely, I found that the null lines tended to be relatively high 
in both egg production and fertility (at the later intervals at least), while others have reported 
that the nulls are relatively slow in their rate of sperm release in the first few days after mating 
(Gilbert, 1981b; Gilbert et al., 1981b). With respect to activity within the active range, there 
was a consistent negative relationship of activity with both egg production and fertility, and 
an equivocal positive relationship with the rate of sperm release. These broad similarities 
suggest that the basis of the associations with egg production and fertility may indeed lie in a 
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primary effect on the pattern of sperm release in female storage organs. Specifically this would 
be that paternal EST 6 genotypes that predispose to relatively high rates of sperm release 
corre~pond to low rates of sperm storage in the first three days after mating, and show relatively 
low rates of egg production and fertility over the first fifteen days after a mating. Further 
elucidation of the nature of the effect will now await a larger study, preferably one involving 
a more even selection of electromorphs, with greater activity variation within the 
electromorphs. 
It is also important that while some effect of EST 6 on sperm use has been found that 
could contribute to EST 6 effects on egg numbers and fertility, it cannot be concluded that 
EST 6 does not also affect egg numbers and fertility via some other mechanisms. For example, 
transferred sperm may have direct effects on ovarian function, as suggested in the previous 
section. 
4.5 SUMMARY 
The fecundity, fertility and rate of sperm release from sperm storage organs were 
compared in females of a standard type (Canton S) mated to males from lines differing in their 
EST 6 genotype. After the first 2-4 days, as paternal EST 6 activity increased, females laid 
fewer eggs both at 18°C and 25°C. This effect was evident both in comparisons of null versus 
active males and in comparisons of males with different levels of EST 6 activity within the 
normal (active) range. Electromorph was influential during the day 10-7 interval at 25°C when 
the egg production of the EST 6-VF was less than that of the other classes. 
Consistent with the generally positive correlations between egg production and fertility, 
EST 6 electromorph and activity also had primary effects Of! fertility. Activity had a primary 
effect on fertility (larvae/eggs) both in null versus active comparisons and in comparisons 
among active lines. In both comparisons it was found that as male EST 6 activity increased, 
fertility decreased and this occurred at both temperatures. Electromorph also had a primary 
effect on fertility from day two onwards, with fertility in the EST 6-VF class being lower than 
in the other classes. There were no consistent differences either within or between the major 
EST 6-F and EST 6-S classes. The only significant interaction detected between EST 6 effects 
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and temperature was for the days 15-10 interval, when there was no difference between the 
electromorphs at 18°C but at 25°C there was (again) a relatively low fertility value for the 
EST 6-VF class, as well as a relatively high value for the EST6-F' class. 
--
The number of sperm in the female's ventral receptacle one day after mating did not differ 
significantly between the paternal lines and showed no association with paternal male EST 6 
activity or electromorph. However, by the third day after mating the number of sperm still 
stored in the seminal receptacle varied significantly amongst the lines. This was at least partly 
due to a primary effect of electromorph. The EST 6-VF class retained fewer sperm than the 
other classes. Within the EST 6-F class, females mated to EST 6-4 males retained fewer sperm 
in their ventral receptacle three days after mating than those mated to males from the EST 
6-5 electromorph. No overall differences between the major EST 6-F and EST 6-S classes were 
found. No unequivocal effect of EST 6 activity on the rate of sperm release was seen although 
a positive relationship was evident before the partitioning out of the electromorph effects. 
Some broad parallels in the patterns of EST 6 associations with egg production, fertility 
and sperm storage suggest that at least part of the fertility effect may be due to primary effects 
on sperm use, with effects on egg numbers reflecting secondary effects due to females adjusting 
their egg production according to the number of available sperm. On the other hand, the data 
do not preclude some other effects of transferred EST 6, which could include some direct 
effects on ovarian function. 
r 
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Chapter 5 GENERAL DISCUSSION 
5.1 INTRODUCTION 
The primary aim of this thesis has been to relate the established biochemical and 
molecular variation for an enzyme polymorphism back to the fitness of the organism. EST 6 
was chosen as a model system because extensive biochemical and molecular data had already 
been collected. Furthermore, there was considerable evidence from both the physiology and 
population biology of the enzyme to suggest that the variation seen for the EST 6 enzyme 
would indeed affect fitness. I have succeeded in meeting the primary aim in so much as I have 
managed to demonstrate many associations bet ween EST 6 variation and specific fitness 
components. 
However, the success with which I have met this aim has been qualified because of the 
emerging complexity of the EST 6 gene/enzyme system. This complexity has been manifest 
at two levels. First, considerable variation for different aspects of both activity and 
electrophoretic phenotype has been identified. Second, there is little similarity in the nature 
of the selection on the different EST 6 phenotypes across different fitness components. These 
two features of the results limit our current ability to formulate general statements either with 
respect to net fitness effects of EST 6 variation, or with respect to physiological mechanisms. 
To simplify matters, the discussion below has been structured into sections depending 
on the type of polymorphism under consideration. Four types of polymorphism have been 
recognized. These comprise activity differences; differences between the common major EST 
6-F and EST 6-S electromorphs; differences among the minor electromorphs within the EST 
6-F and EST 6-S classes; and differences associated with the uncommon major electromorphs 
like EST 6-VF and EST 6-F'. I have integrated the observed effects on the different fitness 
components for each of these classes. I have also attempted to predict the net selective effects 
of the variation and to relate this back to the physiology and population biology of EST 6. 
While some clear conclusions do emerge from this work, the results of this study also point 
to the need for further work. With regard to this, I suggest a number of priority experiments 
for future research on the population genetics and physiology of EST 6 in D. melanogaster. 
69 
5.2 ESTERASE 6 ACTIVITY VARIATION 
Before going on t~ consider the associations between EST 6 activity variation and fitness, 
- there-are two important points concerning the activity variation that need to be noted. The first 
is that the activity variation is very large. In each of the four aspects of activity that were 
measured (larval, pupal, adult male and adult female), rougJuy three fold heritable differences 
among the Coffs Harbour isoallelic lines were identified (Game and Oakeshott, 1989; Section 
2.3.1). The second point is that activity variation in these four areas is largely independent. 
Game and Oakeshott (1989) demonstrated this first for the whole body activities of virgin adult 
males and females. They interpreted this sex difference as arising from a tissue-specific 
difference in which male variation mostly reflected ejaculatory duct variation (with some 
contribution from the haemolymph variation) while female variation mostly reflected the 
variation in the haemolymph. 
Subsequent to this work I used a subset of the 42 lines characterised by Game and 
Oakeshott (1989) to demonstrate that there is also stage-specific variation. Specifically, this 
work focused on first instar larvae and early pupae (see section 2.2.2). The major site of EST 
6 activity in third instar larvae has been identified as the haemolymph (Oakeshott et al., 1990). 
Thus we might expect variation in this tissue to account for much of the whole body activity 
variation of first instar larvae. For early pupae, extensive tissue histolysis makes it difficult 
to trace EST 6 activity to a specific tissue. In fact EST 6 may not be associated with a particular 
pupal tissue. Its hydrolytic activity may actually contribute to the process of histolysis. 
In any case, it is clear that variation in EST 6 activity in the four different lifestages or 
sexes is mostly independent. At present, it is only possible to make coarse predictions about 
the specific tissues causing the activity variation, so further_ work is necessary to look at this 
variation on a tissue by tissue basis. This work is obviously quite laborious, although 
streamlined techniques for harvesting haemolymph from different lifestages are now available 
(methods of M.J. Healy and A.G. Parker, pers. comm.). Furthermore, it seems that there is no 
alternative to this sort of study if we are to understand the physiological basis for the observed 
variation;', -
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Turning now to the association of activity differences with fitness, the nature of the 
association between EST 6 activity and each of the fitness components under consideration is 
summarised in Table 5 .1. In this table the comparisons between the EST 6 null versus EST 6 
active lines are dealt with separately from the quantitative differences among the EST 6 active 
lines. The tabulated information is based primarily on my results, plus those of Game (1989), 
also on the Coffs Harbour lines, for remating behaviour. However, where possible, the 
consistency or otherwise of these findings with previous work on other populations is noted. 
The results from these precedents are abstracted from the literature reviews in the earlier 
chapt~rs. 
Most discrepancies with previous studies in Table 5.1 are cases in which I have found 
an effect where previous smaller studies were unable to detect any difference. There are no 
cases where different studies report effects of opposite directions. Thus overall agreement 
between the studies is good, and the more extensive the work, the more likely that fitness 
effects will be revealed. 
EST 6 was found to affect every fitness component measured except copula duration and 
sperm transfer. There were few physiological reasons to expect EST 6 to influence copula 
duration. However there were many reasons for expecting EST 6 to influence other 
reproductive behaviours. The physiological basis for the observed pre-adult differences is not 
clear but further investigation of this area forms an obvious priority. 
The directions of the null versus active differences were not always the same as those 
found among the active lines. Consistencies in direction were found for remating frequency 
(" copulation effect"), egg production, fertility and the rate of sperm release in the female. An 
inconsistency was observed for the mating time results. There is no reason why the direction 
of the effects for the two types of activity difference needs to be the same. As I have 
commented before, the selective premium for some EST 6 activity, as opposed to none, may 
be very different from the selection on the level of activity within the active range. 
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TABLE 5.1 A summary of the nature of the associations between EST 6 activity and 
individual fitness components. 
FI1NESS COMPONENT 
PRE-ADULTS 
Development time 
Viability 
EST 6 IN ADULT MALES 
Mating time 
Copula duration 
Remating frequency 
("copulation effect") 
Egg production 
Fertility 
Sperm transfer 
Sperm release 
from ventral 
receptacle 
-,.~ .. 
EST 6 ACTIVITY VARIATION 
NULLS VERSUS ACTIVES 
-no data 
-no data 
-active EST 6 = 
faster mating 
-agrees with 
Gilbert and Richmond 
(1982) 
-no difference 
-but Gilbert 
and Richmond (1982) 
found active EST 6 
= shorter copulation 
-no data 
-Scott (1986a) 
found active EST 6 
= less rernating 
-active EST 6 = 
fewer eggs at 
later intervals 
-but Gilbert et al. 
(1981 a) found no 
difference 
-active EST 6 = 
lower fertility at 
later time intervals 
-but Gilbert and 
Richmond (1982) found 
no difference 
-no data 
-Gilbert (1981b) and 
Gilbert et al. (1981 b) 
found no difference 
-Gilbert (1981b) and 
Gilbert et al. (1981b) 
found active EST 6 
= quicker release 
AMONG THE ACTIVES 
-no effect of pupal activity 
-higher larval activity 
= faster development 
-no precedents 
-no effect of pupal activity 
-higher larval activity 
a higher viability 
-no precedents 
-higher activity = slower 
mating 
-agrees with Game (1989) 
on same lines but Gilbert 
(1985) found no difference 
-no difference 
-agrees with Gilbert (1985) 
-higher activity = less 
remating 
-no precedents 
high , . ~:-WQ.f ~ 
- er activity = A. 
13'Zltatin@ at some 
intervals 
-no precedents 
\~w~,.-~,r\, \'r~ 
-higher activity = --~ 
11a1tiag at most 
intervals 
-no precedents 
-no difference 
-agrees with Gilbert (1981b) 
-higher activity 
= quicker release 
-agrees with Gilbert (1981b) 
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These results also require comment in the context of the lack of null flies in the wild. 
The fimess components for which nulls had a demonstrated advantage were egg productivity, 
fertility, and rate of sperm release. However, the relevance of these results to fimess in the 
field is not clear, since these advantages only become apparent with time after the mating. In 
the wild these flies would probably have remated before this time lapsed. Previous work cited 
in Table 5 .1 suggests that nulls are disfavoured with regard to mating time and copula duration. 
The optimum activity within the active range varies with the component of fimess 
considered. High activity was favoured for pre-adult development time, pre-adult viability and 
remating frequency, while low EST 6 activity was favoured for mating time, egg productivity, 
fertility and the rate of spenn release. 
Interestingly, the selection in each fitness component would seem to be directional, 
favouring either high or low activity depending on the component No evidence for an 
intennediate optimum was found for any one of the . fitness components. It is arguable as to 
whether the selection obseived in some of these components of fitness would be relevant to 
field populations. However, three of the measured components which are perhaps most likely 
to be relevant to the field are pre-adult development time and viability, and mating time; the 
direction of selection varies even among these components. 
Examples of other fitness components yet to be analysed which are highly relevant to 
the EST 6 system include appropriate measures of adult female fitness. The consequences of 
frequency and density dependence on measures of juvenile fitness should also be investigated 
since previous work on the Est 6F/Est 68 polymorphism suggests that this can affect the 
direction of selection. I would also point out that no measure of adult male fitness yet tested 
has considered the effect of either multiple paternity (Griffiths et al. 1982), or of mate choice 
(Partridge, 1980; Schaeffer et al. 1984). 
On the question of physiological mechanisms, it was noted in chapter 2 that work on pre-
adult physiology is now appropriate in order to elucidate the basis of selection on EST 6 with 
respect to juvenile viability and development time. However my results also point to several 
gaps in our knowledge of adult physiology. Quite apart from our ignorance of the role of EST 
6 in the adult haemolymph, the role of male anterior ejaculatory duct enzyme after transfer to 
the female is obscure. My data on the sperm counts support the notion that at least some of 
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the longer term effects of the transferred enzyme on subsequent egg laying and remating 
behaviour are due to the effects of EST 6 on sperm utilisation from the female's storage organs. 
However it is not possible to say whether these effects are direct or indirect. First we need to 
know where the transferred EST 6 goes in the female and in particular whether any EST 6 
goes into her sperm storage organs. It is also difficult to interpret the effect of EST 6 on the 
short term remating frequency (the copulation effect) reported by Game (1989). This may 
reflect a direct neural target for the transferred enzyme. Resolution of this issue requires 
detailed in situ tissue analysis with highly specific anti-EST 6 antibodies. 
5.3 THE COMMON MAJOR ELECTROMORPHS EST 6-F AND EST 6-S 
Table 5.2 summarises the data on selective differences between EST 6-F and EST 6-S 
for individual fitness components in a format analagous to that for Table 5 .1 above. Compared 
to the plethora of effects of EST 6 activity variation on fitness evident in Table 5.1, Table 5.2 
shows that EST 6-F and EST 6-S differ in relatively few components. 
The absence of differences between EST 6-F and EST 6-S is most obvious for fitness 
components related to adult males. The only such component for which there was any evidence 
for a difference was mating time. Even for this component, for which two earlier studies had 
suggested faster mating times for EST 6-F, my own much larger study has indicated that EST 
6-F and EST 6-S do not differ consistently in this respect. 
On the other hand my data confirm several previous studies indicating that EST 6-F and 
EST 6-S are not equivalent in pre-adult components of fitness. My data, based on comparisons 
across different single-genotype cultures, suggest an advantage to EST 6-F, both in pre-adult 
development time and viability. Most of the previous work involved comparisons of genotypes 
segr~gating within cultures and several of these studies revealed frequency dependent viability 
differences, each homozygote favoured when rare and disfavoured when common. Results 
from the two types of study are clearly difficult to compare directly. However, the fact that 
both types do at least reveal selection between EST 6-F and EST 6-S as pre-adults bears out 
the point':made several times elsewhere in this thesis that further work is urgently needed on 
the physiological function of EST 6 in pre-adults. 
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TABLE 5.2 A summary of the nature of the differences between EST 6-F and EST 6-S 
in terms of individual fitness components. 
FITNESS COMPONENT MY DATA AND 
GAME (1989) 
PRE-ADULTS 
Development time 
Viability 
EST 6 IN ADULT MALES 
Mating time 
Copula duration 
Remating frequency 
("copulation effect") 
Egg production 
and fertility 
Sperm transfer 
and release 
-F !!! faster 
development 
-F ii higher viability 
-no difference 
-no difference 
-no difference 
-no difference 
-no difference 
OTHER STUDIES 
-Birley and Beardmore, 
(1977) found F = faster 
development 
-Gilbert (1985) found 
no difference 
-many authors found F :ii 
higher viability at low 
frequencies and = lower 
viability at high frequencies 
-Aslund and Rasmuson 
(1976) and Gilbert (1985) 
found F = faster mating 
-Gilbert (1985) found 
no difference 
-no data 
-Birley and Beardmore 
(1977) and Kortier and 
Gromko (1986) found no 
difference in fecundity 
-no data 
None of the work so far comparing EST 6-F and EST 6-S as pre-adults is of great 
assistance in explaining the latitudinal clines and seasonal variation in EST 6-F and EST 6-S 
frequencies (see section 1.7). However, given the success of my experimental design in 
differentiating the fitnesses of EST 6-F and EST 6-S under one set of environmental conditions, 
I can now suggest some simple experiments which may be41! on the geographic and seasonal 
variation. Two environmental agents relevant to D. melanogaster which vary with latitude and 
season are temperature and food source. Some extension of my experiments at different 
temperatures and on different, preferably natural food sources would seem to be worthwhile. 
Comparisons based on temperate fruits like apples and citrus fruits versus tropical substrates 
like mango and pineapple would be particularly interesting. 
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One important aspect of my experimental design which I would advocate strongly for any 
future experiments comparing EST 6-F and EST 6-S is that they should also be capable of 
identifying and resolving the various minor allozymes and thermostability variants segregating 
within EST 6-F and EST 6-S. The failure to discriminate among such variants in almost all 
previous studies may be one reason why some of them have failed to distinguish the fitnesses 
of EST 6-F and EST 6-S and others have given contradictory results. Differences in fitness 
among the minor allozymes within EST 6-F and EST 6-S are discussed further in section 5 .4 
below. 
One aspect of my experimental design that I would recommend be changed for any future 
work comparing EST 6-F and EST 6-S would be to include some measure of heterozygote 
fitness. This could be incorporated into the same basic experimental design by adopting the 
diallel cross used by Gilbert (1985). 
5.4 MINOR ALLOZYMES WITHIN EST 6-F AND EST 6-S 
A total of 21 minor allozymes or thermostability variants have so far been found within 
the EST 6-F and EST 6-S classes, with further work likely to reveal several more (Labate et 
al., 1989). Moreover, the minor electromorphs and thermostability variation proved to be 
separable characters; several minor allozymes segregated within particular thermostability 
variants (Cooke et al., 1987) and vice versa (Labate et al., 1989). The 42 Coffs Harbour lines 
used in my study cover four of the most common minor electromorphs, namely EST 6-4 and 
EST 6-5 within EST 6-F, and EST 6-8 and EST 6-9 within EST 6-S. Allozymes EST 6-4, EST 
6-5 and EST 6-9 are known to contain two or three thermostability variants each (Oakeshott 
et al., 1990), although the thermostability status of my lines !s not known. Allozyme EST 6-8 
has proven homogeneous with respect to thermostability phenotype, even though it is the most 
common electromorph and many EST 6-8 lines have been tested for thermostability (Oakeshott 
et al., 1990). 
The only previous study of fitness differences among variants within EST 6-F and EST 
6-S has been that of Game (1989), who used the same lines that I did. The results of the two 
studies are summarised in Table 5.3 in the same format as for Tables 5.1 and 5.2. Three 
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differences are evident; comparing EST 6-4 and EST 6-5 within EST 6-F, males of allozyme 
EST 6-4 have slower mating times but their sperm is released at a faster rate from female 
storage organs; comparing EST 6-8 and EST 6-9 within EST 6-S, EST 6-8 pre-adults are more 
viable than EST 6-9 pre-adults. 
Considering first the differences between EST 6-4 and EST 6-5, it is tempting to conclude 
that the two differences found represent opposing directions of selection and, therefore, to 
invoke arguments like those advanced in section 5.3 above regarding balancing selection in 
heterogeneous environments. This indeed may be the case but I would caution against 
interpreting the differences in rates of sperm release in terms of an advantage to allozyme EST 
6-4. In my work at least, where reproductive performance was only assessed after a single 
mating, the sperm release differences did not translate into a difference in fecundity. Perhaps 
it would lead to fecundity differences in other mating or remating regimes where rapid sperm 
release may be at a greater premium. However verification that EST 6-4 and EST 6-5 differ 
in respect of reproductive fitness will await further experimentation. 
Turning to the difference between EST 6-8 and EST 6-9 within EST 6-S, the superior 
juvenile survival of EST 6-8 is consistent with the higher frequency of this variant in most 
field populations. On the basis of the lack of nucleotide variation within EST 6-8, Cooke and 
Oakeshott (1989) and Oakeshott et al. (1990) have proposed that EST 6-8 is a recently arisen 
mutation whose frequency is rising relatively rapidly because of a net selective advantage. It 
will therefore be important to compare EST 6-8 with EST 6-9 and other minor allozymes, as 
well as the thermostability variants, to test whether EST 6-8 indeed has a higher net fitness 
than alternative forms. 
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TABLE 5.3 A summary of the differences within the EST 6-F and EST 6-S classes with 
regard to individual fitness components. 
FITNESS COMPONENT 
PRE-ADULTS 
Development time 
Viability 
EST 6 IN ADULT MALES 
Mating time 
Copula duration 
Remating frequency 
("copulation effect") 
Egg production 
Fertility 
Sperm transfer 
Sperm release 
MINOR ALLOZY'MES WITHIN 
EST6-F EST 6-S 
-no difference -no difference 
-no difference -8 = higher viability 
-5 a faster mating -no difference 
-no difference -no difference 
-no difference -no difference 
-no difference -no difference 
-no difference -no difference 
-no difference -no difference 
-4 s faster release -no difference 
In closing this section I would like to make two general points about the minor allozyme 
fitness differences within EST 6-F and EST 6-S. First, the three differences I have found 
indicate that previous studies comparing EST 6-F and EST 6-S without identifying the minor 
electromorphs within them, will clearly be limited in their interpretation. Second, however, 
since I did not resolve the thermostability status of my lines, the interpretation of my own 
results is in tum limited in an analogous way by ignorance of possible adaptively important 
variation within EST 6-4, EST 6-5 and EST 6-9 at least. 
It follows then that future work should involve the full ascertainment of EST 6 genotypes. 
Unfortunately however, the large number of genotypes already known, together with the 
necessity of scoring many lines for each genotype (to minimise confounding effects of the 
genetic background), make such a study a formidable body of work. A strategy for approaching 
such work might be to investigate net fitness differences first, before focussing down onto 
individual fitness components. The analysis of net effects might best be done in multi-
generation population cage experiments, using streamlined polymerase chain reaction (PCR, 
Erlich et' al., 1988) and/or Southern blot technologies to ascertain genotypes in terms of 
diagnostic restriction fragments. 
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S.5 THE UNCOMMON MAJOR ELECTROMORPHS EST 6-VF AND EST 6-F' 
The only previous published work on the relative fitness of uncommon major 
electromorphs was that of Costa and Beardmore (1980) and Nigro et al. (1985). They compared 
EST 6-VF to EST 6-F (3 and 10 lines respectively), EST 6-VF to EST 6-S (5 and 6 lines 
respectively) and EST 6-VS (not found in my sample) with EST 6-VF (10 and 8 lines 
respectively). Tests of egg-to-adult productivity that could detect differences in egg-laying 
ability among parents or the viability of offspring were used. Heterozygote fitness was also 
measured. EST 6-VF was found to be disfavoured relative to both EST 6-F (under some 
conditions at least) and EST 6-S. In comparisons of EST 6-VF and EST 6-F a heterozygote 
advantage was evident at 17°C and 23°C. Similarly, under conditions of low temperature and 
density, the heterozygous genotype showed increased fitness as the frequency of EST 6-S 
apl?roached that found in natural populations. EST 6-VF and EST 6-VS homozygotes had 
comparable fitnesses when competing against each other but Est 6VF/Est 6vs individuals 
showed a clear heterozygote advantage. 
Table 5.4 summarises my results for the two uncommon forms EST 6-VF and EST 6-F'. 
Most of my analyses are based on a single line for each of these forms. They must therefore 
be interpreted with great caution, because the difference observed could well reflect other 
genetic differences involving these lines, either at the Est 6 locus or elsewhere. For example, 
the EST 6-VF line most studied (44 SOl 1) was also characterised by relatively high EST 6 
activities, in adult males at least (see e.g. Fig 2.1). 
In total I found five differences in individual fitness components for EST 6-VF, and two 
for EST 6-F'. Notwithstanding possible genetic background effects, five of the seven 
differences I observed are consistent with those of Costa and Beardmore (1980) and Nigro et 
al. (1985), in so much as they suggest a disadvantage to homozygotes for these two fonns. 
However the relatively fast mating times of EST 6-VF males and high viability of EST 6-F' 
pre-adults also suggest they can be favoured under certain conditions. As I have argued with 
other EST 6 polymorphisms in previous sections, such opposing directions of selection in 
different=Jitness components may translate to balancing selective forces in heterogeneous 
environments. This in turn might explain why EST 6-VF and EST 6-F' are found at low 
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TABLE 5.4 A summary of the differences of EST 6-VF and EST 6-F' from EST 6-F and 
EST 6-S with regard to individual fitness components. 
FITNESS COMPONENT EST6-VF EST 6-F' 
PRE-ADULTS 
Development time 
Viability 
EST 6 IN ADULT MALES 
Mating time 
Copula duration 
Remating frequency 
("copulation effect") 
Egg production 
Fertility 
Sperm transfer 
Sperm release 
(relative to EST 6-F, EST 6-S) (relative to EST 6-F, EST 6-S) 
-no difference 
-no data 
-VF = faster mating 
-VF :1 longer 
copulation 
-no difference 
-VF .. low production 
at some intervals 
-VF a lower fertility 
at most intervals 
-no difference 
-VF = faster release 
-no difference 
-F' :!higher 
viability 
-no difference 
-no difference 
-no difference 
-F' - low production 
at one interval 
-no difference 
-no difference 
-no difference 
frequencies but nevertheless above those one would predict on the basis of recurrent mutation 
alone. On the other hand a simpler explanation would involve heterozygote advantage, as 
suggested by Costa and Beardmore (1980) and Nigro et al. (1985). 
5.6 CONCLUSIONS 
The Est 6 locus of D. melanogaster is characterised by a particularly high level of 
polymorphism. Regarding structural variation, a total of 21 EST 6 variants have been identified 
and there is indirect evidence for several more. Regarding regulatory variation, three-fold and 
largely independent variation occurs in four different aspects of EST 6 activity, and, at least 
for adults, the current evidence indicates that much of the variation is inherited at or near the 
Est 6 locus. Conventional wisdom has been that such a high level of polymorphism would 
generally prove to be selectively neutral (see e.g. Lewontin, 1985). My study suggests that, 
for the EST 6 model system at least, much of the variation is not selectively neutral. 
Considering first the structural variants, six variants have been investigated, four using a 
sufficient number of lines to reduce substantially the confounding effects of genetic 
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background differences. The data suggest that none of the latter four at least are selectively 
equivalent A feature of the selection is that its mode varies among fitness components and it 
is suggested that this variation could promote the maintenance of polymorphism due to 
opposing modes in heterogenous environments. Also of particular interest is the finding that 
the electromorphs often differ in juvenile components of fitness. Previous work on 
physiological functions and mechanisms of selection for EST 6 have focussed on the 
reproductive biology of adult males but my work indicates that a greater focus on pre-adults 
is justified. 
The evidence for selection on EST 6 activity variation is even more pervasive. Only two 
of nine measures of fitness did not reveal an association with EST 6 activity. As for the 
electromorphs, opposing modes of selection were evident in different components of fitness, 
again supporting the view that much of the variation could be maintained by selection in 
heterogenous environments. These data provide some of the clearest evidence yet that adaptive 
variation in the phenotype can be generated by regulatory polymorphisms in the component 
biochemical processes. 
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APPENDIX 1 
Recipe for Drosophila melanogaster food medium. 
--Forty grams agar (Davis), 400 ml treacle, 400 g cornmeal and 750 g live yeast (Pinnacle) 
were made up to 4 I with distilled water, brought to the boil and autoclaved for 30 minutes. 
After cooling to 65°C, 106 ml tegasept solution (methyl para hydroxy benzoate; Bronson and 
Jacobs) was added. Approximately 100 ml medium was then dispensed into 375 ml plastic 
bottles. 
